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(5^^ ‘^4-* ‘A U^ 

«* 

^ t*C djLo <^aA t-o «• I * v ' ** t^jlftiujj cjijj t j).v\I In i > 

6Cu^j) 4-> J-Q-lII ^^“1 a il*~ J ^iLoLaJ, Jj ljL>jL >j l (SjS' /J1 

.4.uojfrSiI 4jULi (k^jL^Ij-S-fll d-° 11 lj (,_J 6 JjI m/\ 

^Ijjl (3 avi-A^lU 1 -*q .13 <d Jk M-*-^b <Ca-uj jj^J. 1^ <^LoJjl1I 3-^ I • 

-ii^jjJI cflSlt 


U 





* f •* u 


► ^aJU <G3 _=k (3 ,a.J-fi 4jl ,^)Ji Jiflt yA-*\flj JJCJ 43^J <liA 33^-* Jjl j-oLiLU £jflijjj ,^J 

to uj^aJI ^ 3 jI jp 1 a*i\^ a 3^ Lcmi icjjj *^Lqa J&\ jliil 13 a 3^ 

3fl Jlfc jJaj 3^ tC-LulJI j^JaJLjj t4 n> In^ll ^<nlj jU^uJI ^I^jI 

p ^ ^ 

4ai4j 3I 4 /iifrjJI j-ua Loj t oaJj^JI ^otl 3 >*-*>l ^.11 3(j a \ a^j ^1 ^ i>*JI 

•• * ** ^ 

Jjuj 4-1^*. <3 3^®-^ iLixurw ilk-v (J^s3 * o-S. 11 JaIj^c J-JU 6^-o Irk > 3^> 

oSL^a-J I e-LaijJlj |^a U.5 til (j\ fl Laji.1 1LaLcA a 1 j-vjlj 3^ *^3 

. c-)j^./.t.J 1 ( Jx> 

(3 j-oUlII 3^3 jjo Lcj^a, ix>lj <aju U^j 3J3 ^.<G <nI 

f- p 

t *nlX H 3 0-^. * 3-^*® t43 tr ^ (3 ^s 5 l£ 3^“\9 <^>A"*^® I 4 i /nl£Laj 

p p 

^oLLclU i^lull oULAJI il au-Luj ini i JJU <^j^J,*ul Ju&a LfrjJ.tol^ 

■<-3^ 3 jj 

^ * * * 

JjBlQlJ 3^iJI l_Lijj jJLuu j ^ Q11 <3111 3-^ 13 cL» j-o^I J.ual 6J-* JJLJ 

p t * ** p 

3I ^^A CjIj ^L) jAi. ^A-a. <<_>LslJ jll 3 3^-®-* 3^° 0 ‘ A* ^ |*J 13 a iU 31 *^l zaI 1 *-A 

(> -A^' J^Af a' tA=» J < >J> .) jaj 4 jI JLSj 3 jh ^ 1 >n di^JLLI 3! I ^oLcII 4 a^.^a 

3I jjj t«^A.Sll i^U*j JaI 3^ < 4 \ •% 11 3^1 3^ 4_>L^aJI 3 34^ 

.ijJLIa 3^^ 

«.jG*Sll 3till ^4 13 a 3^J» :<J , 4il 4_iL^-Lfl 






■z G£ Lajlt ^nJl Twilight Zone Jmlma oLaJ,^. g^° 6^^jG^ Lo Lub 

4_llol l j » I 4 J ^ iGI ^}1 ^ >lV5 tn\ ^\\*\ 1 l4_£lLJI jfkljl ^ Aj\ X AS\ NLaJo 

(3 ol^fllnJI ^ Ju^ j^juoj 4jLfl <. ilv-^ll J^uTuiil I jjb £-0 SjLaJI La£^* \ «4_klo Ca 
(JojlJ tSJji^a K Ttxuaj Jjl ^xaG ^ LVk<Q t J^Liiil JaG (jl t_x^G O^Gi *4^iuJI 4 1 nlrJI 


.J^^LJL LllaLujI g* J^UlIL L> '‘j* iGjj^ 4(JL^ ijl Jut jkj'bUI G' 0 £*^\ajI 

J^c. 1 Jj) (j Jj_Gj> *4 tV^w” I L>^ -V (^ycx Ij JX J J_G <JLkil J_ 1 AjUJ Jx. Oj-lt jG.ll! 
_ >* 1^11 Jji J^liii l-ilCJ tLi^LtuLo IjJua. 4 x.^5j i 6/G^ JIj^J 3^5 14,1a" will 4-jjLc 
G* iiAibl ^jJI tlljUa. Jx, i G > OjIU <4l^Jj SlLjl 

- - J 

4 fl l~t. <3 ,>oLLLI 4jJ! ^fr~GI La Jl ii J^i\ (jnflill l ^ 11 j JLflLfl i^yA «na yA-C. J ^.1 <J[ J-^-l 

** 

.Twilight Zone 

J^Liil 3 3 LJL*. * iGjjJ ^jauJx <iaj^ll 6jjb J| jjcj ^J 

<5jaaII pLuju^I 3 ^ ,/GSUI LG G^G j->^p.LtJ 1 gL> ^.jjI^JlI g^ jjx. Gjj <4^jLmj^ll 

< LubjLt 1j^ I 3Jj i^*j Jjcj Lo^*j jlj^j CjLqj 1 * 11 Ua»jJj \*\ i Jut ^ljLS pLIj t»,H\^-fl 

jit 3 ° LoLoj 1 iTilG ^ i_ktLua*aj LiLuGfl G ' 0 uLlG 4 ^I^j Jljj ^1 ^j-ullaJI ^jn II 3 ^ 

Jut 4 GjjIG c-j_> Gl* JJLiGl ^iJI 

«a 

0 

6Jtl 4uxi i (_^j>vujJI ^jii*i^k.ll % u3<1 fl \W <\ J^jj-uIaJIj ^jLaJI 

«• * W* " f« ** 

Luj^ <jG-fiJI Jla tjJbjJI aJX <Lq_j,a 5 Airi J^. LbjSGal ^jJl pljlj) iaa^II Li^.^JjlGj 

.4-knJI JjIGjIGJI Jjcj Lo J ifll *ua 3 Ca^JLI 4a k Jr> Jx. Sj JxJI 4_»jJ J^fLlxuj <4otjJI 

(_^l Jx^j 2_a.jSll Jut SLj-Lg 13 ^lll 4 1 iU.11 ^LujuSII a hi 4 lino ill 4 jqLLJI IGjjJ J_a 

.LxGjI jJJj jrkAG.> Loaj JLa. 

SjjiLaj pl^j cjIGjIGJI 4 -j^uluJI oIGjIGJ) J-Lg <JjGII > JjX 

«* 

Jx- j t\\xl 4xjLluJI SjLuiJli iJ^GJI Ijjb ^jt *_aul^jl Jxj ^*vl^ 1 Jut 

4 \a ml6 Jl^ 4 xLulij.iill 4 x-tAfl Hi (jA_j I fl i-oc- li'JGGl llx> c^jAj . 4 j^h >11 lliLijjG 

^ .(G-^G G^o Jiflil G^GJJ 4xxuL*Ai' , ill 

4 " ia ^U> Lkr^jijlii IjrGG ^gLII GjGJI j^_u» jxJ .o I jaSJI G*** <n ' I 

•• «* 

jGl >ijJI J Jjlxwj .LkJjGl ^ \ |klt pLaijkJI uGju 4^i Lul La ^^9 <4otl,aG^I CjLI^J a-Gal 

Ijjb^ tJ-k^kflil 3 41*1151 <3^xu Lo ^ 9 ^ 5 ) ^1 IjLzv^l pjLt jlo dJj jJa^* <,jtLuHlI 3 

^jLJI g«>^1 g^ 0 gGj^JI g^^GjlJI Gt 4 -^jjjJI j .(Lk^jJj-iiJI 3 4 1><^>1 4.a./.» ^jLmill 

* 

3Jj .4jLolij GjjGaaJI GjGJI 6J^-gi LouO jaVC \ Cj^I^aG G^ Y <3 4 iXJ G->'I 3 



4 _ 1 U~q "il p.jl£ 


jl llik. ^jL^JI jjiUI 4ad Lij^Li t^-A^ju U I ^Inill dijj^l 4 jLa 

" " " “ p « f p 

j_o IjuuJ *_LLaJI 31 


Caj^h o^i J! JL 5 ^' 

^jJ l pt$* jJI O^J 1 x> j-d <Lcjjala 4x.j) o ^ d 3 ^Lqj)! 1 pl^ jJI jSl I l<r>*S 11 Q\ In ^ ~ 

** %* 

fi>*jl pl/d »i Usll Q^ln» II ^*n % \ ^ ^ ill^ < In inII (JIa $J^iK d cJlj l-o 

id^jjo^ 4aclj-Ia iolx: ts\\ ^aLmJ^JI plfajJI 

jc <4 dn-jj-a ^ ^ In o SjjLo Jx- pLuajSJI iJudij jc 8j^ L. oljjjaxoill J1 jm 'ij -j^i 

£-<o) 4 Infl 11^ <_iKII jjIjiJI s\AsIaj ^1 <<Jtl=k^!l 4_lcajl Jaaj jl <^1 ifl ^y\ n- Ln 4jta£ 

^ p p p 

^Jb^ * d^»w 11 4 \ \ ma II ol"\ >,miI 1 4-la-gjlLd L=». 4a£LajQ O ^ \ .^1 SjLgJLI & Aj 5> jl J Q jcl 

«• 

^L^JsIj r LSJI ^1 *4jkl*s aII dljjJ ^1 \(<L>^piiaJl d %* * II la^LLJl j-o 4_>^>3^iI 4n, mill 

^LoJ^II IflXAao Ifrx i ^1 ifl^ijJI (£ji^l 

3^1 oJlj U° Ij^Jaj laj3^1 jl oljAfl-ll 3 Ojl CU 11 Idib (_>la-td X=»* 1 

IjJb 31 v fltinlj Sj-o jj) 11 d t jibljJ I O-fljJI d 4aC Jij JajuII j-o I, \ \ fl a 3 

" * ~ «* * ** 

jj £jj\ fl*\ll IJlA> .(^Juxlioll CiLubljrLfi^U li-flj v fiLx^l 6 i^xlC 4-IjQ jl ja^jJ 1 

it^Oi i or-1 .qI^jv v^ II ic j^n tltdli .jajLflJl CjLjljj £-d 4JLa- Jit Jiaj 

/,^|1 un nillj ol tniiiflA. II AC |XJ i j^flJi 4 j l uL> 3 olJ)* A “' 

3i^j j% Jl^lil I vds jx. ^ *C\ 11 3(j '" I 3^ LJL=k. i> Acl ^ 

j (^^r^dl ^-1*1 (_^d 4»uL lu^JI oLlLojlJ! ^ lSj^ldl 4 juu 3). o -II 

T * Y * 

ii\ JI 3—SjlI! Ncl Q*C 11-V Q^*tll 4»^jwi 31 ‘"' Lj"-J 1 * II 3^3 ^33 


b±& a _Un~r^ t^-tl jjllj^II p|_ijil <l_ji £jj<u a _o33 ol311 _uLsJj is^3 _ 1 

’ «« ^ 14 

<* f. 

gt-dljjj Sl^La-d JiLuj j .Lua-»i pL _^jJI guolj__j JjljJsl 

t- * v fr 

6>J> 4 L A a J^UUUJi Lo (^^-UU_JI Jtil ^UOLO ^g\ ^ d \ /» t *C A 11 d /<!. \\(j 11 ^Jsi 

3^Ub J Ac /sl*Cl -v 1 /s. a./na jP*3 tv A< ^) v-3 4 _Uul^JlJI 6^3 J 2_iuj ja3 

^ r 

_d_ lq!*\ 4 n 4 11 (^4_j^\jj_J l 4 \ \ ts\x II L^dJI j-Q 

plSijJI 31 3jfr 1 ^ 2 ?3-l-l jLdoC-'wJI j^-oo ^jJI oUb^J^Lja-idl j-d 3^U JAC dLub 
4a >j/\a II.-■ !<,.7.1 1 ^o n j ^Uaj L-jJjAd^ pLiijl laJLu-u^j iO^SlI 3 (_£j-^d1 


^V 





SjjiLll Ltil J (3 La_J <ii^-*-ll v. fl ijlT^Jj 4JLUI ^ fl J-t £jUiJI 3 - -0 La/\-C^ 4_»jl^Hll 

^Jjljj ^l^jaJLuul Jx, 4qJLaJI wa \ il 6 j jS Jjl £-aj •1 6 pI^5 J-C 

.ic-jvtui ^^Lsaj JL=J.I I J.A 3 L^qljjS JjLi * La Lag 6 JjA^ 4 _»^uluJ 1 4 i> 1.11 3-0 iS^Jtll 

Sff'I^LlI Jjc. 6 jjli CjI^jj)AIavII jjCwii ^jlaJI 3 jJLli 3 -a ^LUI ji-xJI 3 

jljll ij_o3 ^gJI Lut^q j) a*\ >A*u\\p IqqjJ 3 ^ 1 ii>j La l 0 t j ^ <5j 1 1 ^ <n 0 \> 

.4qwlill jljll Ijb/VX:^ 4 ,.v,a 1A,11 CjL>jjjJIj qNI^ llj i„.u5vJl J!Lo t^JLaJI 3 

3 -qI *qJl 3 t( ^jLU fJLftJI £_a 3 r 1 II 3 ^- I^ mo it oLa^lxil iii Iijri^h. 1 j 

* 

s> ^Aj) 1 fl \ n Loqfi CjLajl 1 il JjLuj) tLflJI$>,mI «-^a-v' qLqj),I 1 11 oLaJ^j ^^iLc^ll (JjLujj £-a 

3 j ° L^aL i«^ 5JL=^ 3 4q*a cj^I iJL^> 3 1 _a*^ ^-ol 

<Gcllag<nlq Jlojixu ij^ mfl t^j^jLuJI ^l^jJI ^g^Juujbft 31 jHJ> t I 1 J-^ > Jjl a %j 

Jx LgJjjS 3 4 vIS * II CjljjiJt La j j)fl h ilo CjI^Sj H O^U jSj 4 fcj^LaC 

CjULuJI oli^Jb ^ Jj CjIjLlLo J ^jl ^ J lr?C nU ^j^jq ^Jli ( CjLjLuJI 4_3hJljLX^ 

jpj) ttXII 3 I La£ _fig I ^A ^lijl 4 % ts\ \ ^£jq 3 SlA^ 4„5,.n>.a CaC Iqql 3 v - = ** 3 <3°^-^ 

.Q Labial I 3-0 Cj I^LlLo L^_j CjLjLu SjaIS 3 4x^jlu ■ ^ ^ 4_ijL!L)1 3 '«»^ 

JjIaj ^iJI 3 jlojq ^jl 4^3(3 ol^qj) vva^II ^.gJag juu^ 

3 jlgq 3 ^ <5 jJ 1 ^ ic^vuJ I 3 ^ 13 \ 5 Jl>j 0 ^~L^ ^-3>jglaJ 1 3 s 5^^3 \ p- 1 ^ jJ I 

<# 

. [ a Lq^qJ^ Ojf*' s ^ Cj Loj) I n U 

ji'On 1 0 * \ »rv\l L£ La Lu^J t'JqlA Lcl J_i| CjLuJqJI ^jJ 4 nj^a 11 Iq^LaJl JL 3 LJ 

<4oxL^JI 4j^i-v II L^gLilaX ^utjJ ^Q ~ Jys L^-j La ^ ^a t4 jL> jJrJI 

,4qUii 4\tk> d 1 i./ n% 11 IqNLkJI J'lcA toLo^lxll 4_3hJL*_a Jx L^jIjJlSJ 

Ji J^CLJ 3 ! * 3 ^^i 3 ^ ^ ^r^JI 3 Ui^iu igj^U^II 

3-q cllj 31 <JoLnj^!l j±±ajj ^ v4siall tJljjl 3x SjcSJI 3 

^juag iijJUa SjLclS 3 _C 6 jC£J 1 6 J-A 3 ^ *S ml 4ql£_oLj j\ ir\ tin t^^uiuJI jJI 

.iS^JLa 3 -0 Cj^I ^ ^utuJI <Luu3^ I La 3^ 

pKjJI ^LLdlgq t^S^oij J) ^ ^ H £-l^S 3^ 4 j i«bj3 3^ 4qLjLuJI 3 * fc ^ JjJj J^l 

^a 3-°LaLjl LaJgX LjIS tiqJLaJI CjI^jj? II oLul^-al ^jxiLujI 3^ L^_ub-flj ^A ^^jujJI 

p , " s 

(.jJLjxJI 3 -0,3 <3^^^^ 3 L^S 3 3 I IjA <LoiAj Ij^iA^ja 6^1^ J jlu ( ^2>L^J I (£jP*£ K1 A< ^ 

£ £ £ p p p 

jl 4j 3j^f iiqlcjJI M 6^ 3 ' 

•• ^ *r* 

.4 jj ^.11 ig^viuJl CjLfiUxJI 3 -o yOU) 


\A 



4 JLa»q ^ p.jU j^oaLLo 


\\rf\ II *"* J tj^aiLuJUO jj)K*i (3 (3 OJ)V^ 11 v^jjL=h.l j£J 

p * 

Jx nII SjdA l^-Loj Jya J-> J5c. ^1 Jftc. Jxo ^ILlO* 1 wn-%A LVC QIj J fl> 

4jBj) lr> \ 11 4 \% i ilnll 4_iJJI ^ Q Jx 4jj JAj ^ » \ il^ll ^NUCH 4-5 Ju J^JLj J 1 

CjUqJcx^o JlLo 4 uUH 3 ia 1 -clV ^\ j «*Jx <Gj4 _»L^JLlo^Ij 

Jx ^.lUJL 43jJl£j) tjjfO j\±i 1 11 pltWj! 4 jBJ ^.kTi 4_5 Ju ^ jJI Q lj! n^l j i_t Ifl 11 4 _uj^£! 
£la!j L-AlII^A ^^Ixu J ifl II jJLftJI 3^9 -fJLjJl JLkJ ^^Lui-O Jx gojlrt Mill I^jJlI 

f. p 

pLSjl (j* J) * ^ A< ^ cl> v ^JjtLuLOJ (^^3k.i Jl 4jfcJ J-O JLJI 3 ,fc * * iW H 4.a-rv^3 

- * „ _ 1 

C&ll J-o ^LjIa lj_X^ <4-kiLaJl 4_5^aJ»I tAcl^A |%(3 flj ( *-j^-aJI ijl>rk.J 1^ ^iJI J^JUxlaxtiiJ 

IxLujuI C)lj (S^y^ 

I 

pl^jJI CjIjiAA (JO ^AL>CLi.ll <Jj) X u^i J I jJj >_£^-UJ ijilll J>JI {jA ^jljJI Ji 5 ■* il 3 

«* ** 

HJ\j <P^JI <Xli J-0 lj) x lxlCJT pI^ j Cj1j-1 AA ^ < S\~\\ i 11 ^ 

.^yjLmj^ll pl^jJl O^3- LAj0 3 JlXC ~* *->J)» u ~' (JO -2 *^ 4-L^.lj ^_y 0 jljjp-LU^ 
(jX^pJ LqXXj t^uLJI JjO jisj IaC C>lj3J) V^Jl gl^ol^ Cjljlfro 

I 4jB j) lr> 1 11 4JLU1 Jx i ixiSLIl SjJA 3 

(3j£j ji Jllll Jxlxu Jx.j Oj^’ ^jj| aJlaTJI (^Xo ^ja JjjJaI nil ! ^jiiAJua Lo ly^aSLs 

M < 

A J) K ^ A y3uua ^uqIj^j 4 oj,Uv\ 11 4JkJJI jxlaj 4_ulAjlJ v 11 ^jLxJl ^XaJLmll J^X j£*-\ 

<4 % 111 CjIj^XLq {ja IJji.K e\ IjjX ^1 Jjjuqj t^>-1 £a LjL^o CjLuI 

Jjjq JiAj'n .^Ikil j-^JI ( Jx 42iula^j ^.LaxH 3> a J3 to UKH CjLfl-fl^ g-ljLx-i j 

(LqLqj J^lLl r ^JI j * 1 AJ JfffcTiiM ^jJ l 6 j-u£>L»-LI ^ Uv\([ t Lwliu LqXX mil Ija 

.4j 5SJI 3^° ^AX-> 4SJI 3^° 4_iil! CjIJ^ jXo ^ja 4aK i fij I "\ * ( Jx 3 ^ajj^ 

<Lou^clLq Uilj go-iXj> t>A < ( 1 1 pl^j 3 ^Lul LlojI Ij^aIpI 

> • jklx Gary Kasparov uijjG-uil^ 4ii J^>b <dilj Jx 'Jlio 

Oil£j x£J\ J-iAil 4^.1j jJLa ilxl 4 juojjA g,jial fin XJI o' <i 

g^o l-w»" i-iaJ j jjjjiXll 5jl^-o SjjLL* — guio k . i iII ,_jaJ (j 

3j t 4-LsXj ^rOLijIj jiuw jL\fl a \ Lj^juu* £Slj j_» 4 fl vviv^j Jj^iauo Lo JXj ■“» 

LXi-^y^ ' T ^ -g3jl rw^H 3 Ji^l Jx Jx 3 ^Aj ^ ^ V 

IjAj uaJ Sl^L^o ^jA j'u&m J <_** ^^>.^11 ^LuSi\ 4_Ip,1 Sl^l^o ji_ 

Jtjj ^j - 4-jjSll ol^3-kJuaill JA (_ )La\ ^ Q > H ~ Jlo - Cj^L^O ^-fli fl IQ ^ 

M M 

p 

<^juI (JJJCOJ ol^p^kiLftCll CjIjXS JjIJj ^I^qj-ujI t4j 3 olj4j)tACi5lll 





C^Ldl dL 3 U Jlj J~i i i_£^-4ju gjJa.gJI 3 ^-flj, 3 LlxjjI dJ Lo (ji - ^ 

i \ lie 3 ii 33 J 1 II ij^iuJl CjIjL^-U 0^1 $P-Lfl^ t^_fl^co LojUJI J ^-x]\ 

P 

.cjliL-uJI 3"° Sejd-o 4c jA^ 3 Ljjli-fll joij Jlc S j ^ il I Ll3jji di j 3 Lu 

£ La III ; 4 llcldl ^h lr*ypl 3^3 * 4 * ■ 11 3LI0 I J-<d *i\ a 4j 1 JC 33J0JJI Jf 3J0JU 
(^jlaJl 33JLII J-^ c3° 334^ u 3^J 44 , 3 ‘ 37 ^^ 

p » 

^Ire I IjjjJaj j-u£ J 03 .au 4 uL$lll 3 4 o *«u >3 *1^111 jjjuLillj 3' J-c. 3 j 3 % -L *-!(3 

I 3-° 4 _locI 

t 

3 Lu < 4 juLuu^jl 4 lr> aiY^ll ejuljjzw (Jlc 4 fljof. jtjl 4.1 33^"* At *3 * 4 cJj 1 ^Ul pl^UI jl^- 

p 

.l. unfl >1 {ye. LI 03 (j fi403 (Jj 3 .r 1 .Q_lI 3 1 4 _>^ 3 ^oJ I 3 1 *7 II 3 * JojlJI 4 _*juJo dJj 

ixtiilla ^^iuJl j^tll ^jjlaLaj —*^"3 * * ^ 334 J 0 £_o . J.U 3 J 0 J ^ujjuJI lie 

(Jj i^>liGJ I 3 6 J 30 H jlifl'dl ^ Jlc. CjJ'JI Sjj5 3 JH 1 U <jdL*lII 3 4j8 3 H 3 4.\ 0 .>fl-v. 
Jj IIjJ*. £^ 3 ^ ijjduJI CjLajI^JI 4_ilc 3 Jju ( 3 *UI JjJLajJI 3 ‘w-u-ujJI 3 I 3^ jL> 3 -4 5 ifl jJI 
£-0 1 ^ l.I\ a J 3*03 I.Jtli Lo IjrLjSk Lil. \ a! JLo 3 3C Lilli ;: |vt 5 llfl td tl-d ill llflljcl t_)j I IA \ 


4jo &l (jC 4 jlua cl JIj 3J3 <(* 




. 4 u 3 %Iu CjIajL^ 1 ^.31.0 JoLxjLi ^lll J <33 ill oL 3 XAi.ll d \n\ "V d-\. m lie JJU 3 ^ 3 ^ * j 

jl jJ-> Lo J.AC3 <633! ojj ^3 — JuCxjJI Jjjo ^JjLq^o (j£ 3A.XU./0 I 0I3A3j-t II (JjlCU Lo J..1C3 

33^* <_s3 _liaa i( j_aLujl>^J 1 plSall 3^0 >1 Loj (Jc _ Lj^o. 3^^I (J-Jt — 1 ^\ ^3*v i 3 jLolc^l 

M 

6333L0JL 33< * 3J Lgj ff-A < 4 ila 3CLuuo3 dkxfl CjIJ v_fll jcl 633 j-^All > Li.ci.il I4J 

,3%iuJI SJ30.3II jd ai l I3 ^ 5.11 311Q \ 
3jaj Lgul ^.1 S0I3A3 vuxV 11 3 < \.fl~) Jc :4 lOrfiilflll LLuocJI 3^ 4 C3^00^0 3^Joj 3-UJ 

oLLu^ 1^1 f 1 oliSl^JI ^3 Ja <L> ui*JL ?Jaii cLLuia. 

ill 4 ul 3C. < 4 JI 4 ul Jj 'il dJJll ipL^acJI 3LI3J yl> ^3^-*JI jJI 3 ^ 3^JLlil 3^° SJnfl.^ 
>3^^ Sil'ill j\*\ fl 7 3 ^juLtu^J I j\*\ fl^ll 3U1 ^3C3 o«. j~wI dLc Jc . 1 \ ifl jC\ 1 1 4 _iJL 

1 Ju fl. A~V,J I ^ 3“4 (3 j^iuJI ^d. I O I3J3JU J I J1L0J Lojlc • d O \\ ^ 4CJ3J0J Jl JtijJI 

3 JlJaj lie S 4 ac! 3 Lc3OJLJ J^-fl <3^clll JCJIJ13 4 lJ 3 4 jljo ^Lin^g 

J_i~v 3 JI (JljtuJI 4ul 333^^ '- Q " * 1 3^ 3 J*-* du 'iUjuu 4JLujdcJI 3 C 1 AJ 6 I 3 J 3 14_=*.Jo 

J34-L 2^ 3^ ‘33^^^ J°J Ji J 3V JlJtdl IIa 3I 2J&I3JI3 <4 i adft JI 3 4J (^ill 

p p p ^ 

• 3^U 3^1 4 o«_lo 4 txAflII > tiAi t__fl3 /i) 1 4 \fl 1 fl3 CLuij 03 6JI3I L^ujJ 3 1 3^ju jJI Cj'J'JI 

33-flJI Luk3J30^3 p.I3~ .x 1L 4 d_l JiLfl ^3^.1 3I 3J <<JL 1 .I Jaa/.ii Jlc 

<^^aiiJoLlill 3L3JL 3A3i/Vv 11 3^° 33J0ILQ ^3^ Ji-o) 4 _i^.l 3 ^JI j\c 3 j 3 % 1iaJI 3 ^jLJI 


Y* 



d H a 'J ^LLfiLijQ 


ij, ^ zA\» ^_ixOkj ^ “< H 6jpj) 1i.a\ iJLc 4..1.5.C 

l-Uju 4jI "bLjLfi 0 n jx’i ^£. lr>**\xu i jJa S4lSx. ^ r iUU ^jjl uJI ( _)-uJL» 4j"^l 

* u ^ > f i*. • 

*4-^ 4_ll 3 (3^"^ ^- t * JuQ 4 ■> la a > ^43 tjiu ut^tujLmLa 3 4 t K \ ^ J1^ 3 

p _ ^ 

jJ-AJ il^l 3 ^1^^i!uII JjLi j^La-cu 4-x-jh.a (^^a. (_£jJI J^usnII ^j^kjL-aJI JjLfl ^>a-l <-jljL^ 

*** ** •• * * '«*«* ^ ' 

a 4VC I t4 > is\~± nil! 4 jj^A^ <4j^^lj^ t4iijJLAj <4 jLx 3» £o^Li 3 JjUlJL» 4 ^jL£u 4jI 

* U ^ • 4 

. v_iUJu2k-A ^jS\^ U.t J 


(^JUU £XA ^Q 6_/%JuLlA > t iiiTum t ^jJI ^»Lk9: JlAjCV^JI (J-C. I.MJ Ja* J^l 

p <* j# p 

jjl ^XJ-laJuAU ^ (J-Xi 14 J fl X uxA I Al I <itfl \ hi ill 1 LOJ IflJ t(jX A .a 

p p p p 

6j1^)| L^jJlI ^1 La^ j An k_fl^Lu^ . 1 (j ■ AI j£. Ij L^Jjljjfcl ^cLjio L^jL» I (3 0 

^jj^xTu jJl dlaJjl t^uLlJI Lg-dtlx^J c-i^-uj^5 t4_x2k.^j Cjlj^-i- 1^-JjJ (jl jxcjjj ‘5^>- 

p w 

.^ojLlu) ^jSJI 4 n<A>, 

Mi 

t4_»JsljX-^jxjjJI olcjjl ^-ja<va jj 4_ajlS Jjif. 6 JjlJ CjIJm-J I^Aj La Ij-Lx^ 


Lfcpljl^ Ci^^Ll j^jLxll ihxt 3 \ (JaLxjj ^ill 4AaiiLxxuJI^ 

( jxLflLlL — 4.1 a "J ^ill — 3 31 4^L^_t LViSLJ .4,juoLaJ1 

.^jL5J! jJL*JI o a I tCj^Lxll ^ ux 3 ^aLluj^I j*x 411 ^ q >0^. 




J,$Vl £ jS\ 


H 



i 




J »^iq II 




Lbbl, <>»}jl (lla. jvsZLa) jujUi 

t 

.ol^j ^_ j.i \ 1 ^ ,“>1 '!< -». ^jxi i_&J 1~ * /j !i 

Muriel Rukeyser jJjIS jj Jijj* 

* * _ * ~ ** 

'p t U>r. jL3h> tlr^C. <4 ajJqX, <Iuua ^1 t4.fi.ilaC. 4_xJI 3 . 3 ^-h (Jjfc 

< >4_o_iiaC. ^1 

John D. Barrow 3J L 3^ 


^ c- 

Ijj^dC. (3 4 i ini /‘il d t^jjl d » 11 Uvl <1 MjC. 4-iu-aL>. JaahbLk <<L>ljuJI ^jjq ^JJa-Lj LoA aC- 

4 \r.l ^ 5ij^> liiLiik <4 _luj jLlLq \ G JLlo l\7iAdxS Ijjlj .jvll«J \j ^jLaJI 

‘{ J *'y j ^ J Jj jjjj 4 Xojj& UKI dUj <3 LajA^Llo 4 a tfl cJjAj 

*% 

3 L J^jjJI l *> 1 ^, a > — ^KJI CjIjj^Lo Aa^l ^jjo — ^^alil Jl ^JajJL>) 

.(^Lii’Sfl (3 A-a-jjJ L&A^-a.^ Aj 4^C.i j SLxa» 3 l ~^ ji * tQ 

ujAji a^Afjj u^° <>> <>» *>?■) ST ~' ’ ^ aJ^-N *;'>*■ (*J 

(^J J ujA>* ujA° ' ‘ ’ J 0 <> 

*» 

.<LujLaJI ^j)b 4a>jLtalj 

3-o jJL^aJI jJU ^3^ Lua-il Iaa) 4-JUJ! Vi ~) "_11 ^jI^jJI 3 C (S^ ,fc * w 1 {*4j 

'_!!.« ^ JS hi AjAd£.^ < ( ^ N * 3-0 6^0 j\ lio (J^ial 4 \< \ <4 ^jLjJ! 



C ^LU jyu 


4jj Jt> Jx SjLU jLlLo jl ila jLlLo SjI^-sJI 4j^jJ Odl£ ^L^JI dL!j (3) 

2)1^ .SjLixJl.1 SjLU Ll^jI Jx dU>ol11 JaU cjIs^jt^JI 

I J^JLj jVi l^. LjjjJ 2 j^- q <5j-i J.a> d»l A>A La (jlcj^ju jl (Jjl Lxaj 

y d a t * ^ 0<H S>Ulj <SjJ JxJI 4a SjiJI <<LujlsJI 

4 a i« II aj a It a *.«aU ^d >\1* jl >l/x /J* /j/x *0^) ^ ^ N • JJU 

.IjAA (jill ^JlII J 4 JuJLjuqJI id^JjJI (JjZlIj 4^aaiJ Ul 1* fl^V 11 (_£jiJ1 J| 

£-aj .(i^LJI 2>-a Sj-vix) ^£^>.1 Sj^a 4 jljIj \ * JJtd j^o^ll OjSi">^ 

Of u < llxx*u iljxt-a 4a»jJ 2)Jf^f>> Jl 0^ Sjl>* 

CjIjLl^-o j)5v ~i t (jAUftj ol^jlj^Jl oljl J * , fl .Cj 

L$a ■ "> )->- ^jJI dtflXllj .Jjjjlo Jj^~ 4k5\ J| SjLU Cj\ aj di% JjuaS La 4JL>^iaj 
(2)1 jjJ <LaLaS 1 xi.i.l1o ^ JuU d^Ju CxfljjJI dDj < LaLaa d jHX clUO 

oSKLaj Ijr^Lo Jx CxS^^ <4J jLxILa 5j^-uaj Ujljl* JJa J£ 

.pJj (_£j J^jLi - v^.^ -i-1 2 j^-> jO oj^JI (2)1 gooxLuj (2)1 j* 1 Lv~ AiiJ dJJjjj <ljal LuUdJ SiAaiII 
oljLlo N * Jx 2)j^-JI (SJ^t ‘OOL?^ oljLio \ * J£ JjLLq 3 

.‘4fl^ ^j^.1 Sj-4>Ua d*iv^ a oLi^J^rJI oljl *s\a j CjISJa^jOI Cj-pJLu2u <0^3^ 
<SjjLuJI SjLLI ^xuaSJ ^Lujcui LidL^S SjLuail SjLU o^\fl l,V^<^oLd^S^-SJI) p^xJI 

^d 1 AiA d ^ m\ t J ; 2 ^Q^ILi ^y^llL ^LamII OJ J <lL) 

(S^Ull ^ "«l L^jJ'^Ljo l Jc **>qU a^l <SjLlALI SjLLI c .»<^yc 3^x11 2)^ . 3 ^ ^ iLv 1L >^ 

La Ijx (2 >j^La Lojj) 4^5) J| LjjjiJ j <5jl ,^U SjLU ^_ujI SjLU ^x 

^ ^ jj v {1 

4 J SjS^dll (Jj) fl 11 jAi v t AjjLflua Ij^ Jjj)-la 2_h° j 4jjUiJlj LuIj Jji_» 

CjI jLudi-a^ oljj^r^-l^H O J-^> J Jaaj 4 i\x>jJI CjI jrLflJl jljJS < fl Lv^Nl a <3^^I 

Cj l pi jl CjISJa^j^JI j;, Jjs* I (j > 1^- jlLa-J ^jJI ) Cj Lj^ jr\^J ^11 

«» 

.CiLdjj^SJ^II ^AcH\ 3 i^jLi <l^«» l^ > ojLIj 

Jd-a <Jfldl (3^ 3 ^LaJj^l 3 CjLiJS^jOl^ Cj \ 11 CjIJ-» (^j^I 4jUSj Jju 
jLtLa J*x\jlo. Sjl^aJI 4>jJ Cj->I^J < Jj^.11 <> *4^' f\?fV" 

. Ufla 4^wjj 

4-^jJ Jr\ +uJLo ^uj^l 2)1 JJUj <^4x <^aj UaLiSj j ^-o^l) 4xuu l dl l T* • Jjlj 
CjlS^^r^-l^ll J-^- (.53^11 JJj nt L^jcX Jjjl CjIjOII CjJ^^ < Kflfl 4^jj T* * * Sjl^i. 

• l^Juo <LUjxll 





<Lo1jJ (3 Lirfc ij Jj 4 ts^ l oljdJI 6Jjfe Cu4*i m jliLo 

.olj^J.1 a\ ^*C a 

<d \ ,^.k\ a \ J^-lj SjLLI ^Ladll jljjl <_£j^.l 4lxu ^jLiLa Jjlj 

d fc -i.ti.A h± Jl L^jlc.j)A^k jcs L^JLo 

^IjJ (3 £iLs <_£jlc ^rk.*> (J^2w (jjjle otSJ^ dJj <4 jl*u oljUio 4j v bLjj ilLlj Jju 

.{ a j<aj^l _ 4..1.A-4.4.0 La <4jjlc Sj^k A 

<3 j^LuiS 4 jclau Jl ^/ULU Lie J <j_^l fddil ^jl Jifl 

3 (SJ^ 4iftl5 LlijJ ^l^-fl j-ae 4_>l d_* 3 4e j-vjlu Jjld^.'ill d£Lfi 

4x»jj£LJ1 4ja 6)^11 olJ Jijld^il »" iii I dLlj Jjljj < Jolft 4_xlLiJI 3*° jLila 3-® *0"?* JJI 

p p 

JdJLAJ 4liCjvu Lol <4 -lauI 4jS_j^ 1^_» > 4ll I 4 x \ ilr>j <o|j^l util QIj 1 t1 a 

4£j^> jd-u 3 <^udlA 3 J,xa.) 43e j^-u jJaLoj Lil^ Lj 3 ^j 4> La£k ^l j ^udlA 

3 4lLfl 1 a j < jrj-j^ jrj-ij a u>Jaj ^1 ^lll . ^5 -3 1 ctii3 J*iLa. Jr>fl ft 4 _iJs3- 

Ci rii x I 6jjb 1J.* a 11 % j-i ifldft UuI jjja i 3 ^ 3 *^ ^ L> ->.! 1 I j„>j ^Li^-ll 

w m 

jJL> 4l5>J ni»lda>Sll 4oJL>. i„ifl ^j j-ol Llf£ 13 4j 4_iuQj4sl *J IdA iuxAl Lq 

1-fl jQ j_-fc all I oljrLflJI dJj t«^*L^lll 4-iaJOji)) 3 ^LAuiLi laJi Ladle 4 v a flrjI 

3 iaj)5 u.JI ^a^l! 4 i At,\ .^jUJI ji? x La| 4 i<o^|l 4 x .nlqll 

j *ji\ l aK LlxuI ^jLuli 4JLaJl 6dih 3 ) j^-ujI ■_ 1 




i»d=k3j 3^ *4U S «4le J^n » JyJI ^ fclrfc*kii>i ui>^ <4 JoaJ (J^ a" 3^ 

Ll\5v,<v.) (Jj4 3^ <4a11aJI 3 L^adil 4e j-uj 3-° La <blafc Jjijua 3^ 

SJLxL) Ju Mi Jx. 4 -uIjJI 3 l/jjjIj 4ejuu 4 Cj\ Cf ^ A * Jx t ?4Jjj*-o /Ju 

(jxulju ^1 oLui^JI Jl 4j_uxllL» ( j f A auj iJjLl Mil ^ 4JL5 La Jk >iAIIj Idft 

w «• 

^LLiiljl u^iu^ .sI^jqI (^dJ 4 1 m 4jl11j 33 ^-* ^ ° t 4ild^l 

3-*,j~le dJtj Jlc *^LLo 2_S-» (_^dJI ^ j ^ 111 v^l Jl p^jubJ I 4e j^n £ja Id^- tjrLSIS 4e ^uj ^JLujj 

«* 

3 4,i.i.<j 3 ^^viie 3 ° ^Liifl dJjJ La 4_Lfc.^)JI 3^LLuu Ljj^Jeua 3-° .4_u^-ua 4l.in 

“ <» 

I 4 J AddS d£ 4Ha^jj 3 ^^ 4 (Jja-jJI J^JLJ Ladlej (OdA Jx. JS Sd^-sJlj i_jLbdJI -* 

^ M V 


YV 





j-flLuu 4jl tlul£ 4»sJ1 4.Li.u.\.lI j 4J^jJI 3 L jJtxoj 4jl j-x <LoLc j^gjuJI 

J-gx ^ j) IVi o 3 ^°) Jil jl iijli ^11 4^1 3^?*“ “ I ‘ ^ J-CUS <■c- jiA 1 1 4x^ l» ^jA * >jtLEj ix j%uj 

3I 3^9j ^ jLulJl 3^3 tj^jjaJI Lj^LGc.1 3 3 3 ^ ^ o^^ iu 

* * / 

i)[j U^aK Jjij cjjJLq^JI <(6Xo^ 3^ Ml ” 

. irkfl ft ^ mjlu 

4* 

<OlJj%uJ 1 O-Xfll^) I j| 9 t Uq Q o l^j. I * j ♦ * ^11 ^^xUJI u^XAj ^jjOJLXJ ^ 

AAjLia. 3 3 Jj j>-g-> 3^4J <*■ flh^h <0 (JjuLlAaj ^jJLxoj L^-jl 3 J jJjxtai 

tjJUl A. At 11 ^jJ 1 ^ ^ *r. 3t a I" A. j ^a^JL m jr\ 4 jy\ 1 ! 3 -fl lall j\JO 4 X-.^pjiLi 

3 3 3*3^ jj>° p jLa 3 31 cl^j Jx UaLajI 

.jjialJI 4 Vx Laju (^jJI 33“*“^ ^LaJil 3 ^ L Q -* 

«* 

4jju*3 olyA-fl 3>*.1 m J Gj JjXlu pJsjj JjijLa^l 3' 1 ^gjJ! 4 * a i 1t> 3 ^ 3i 

Ijxj tiljlx 4x j^juli c-jNi5 *> 1 <* Us\ j^jlj Lq jjx 3^J <OJL> 

.3J^jLJI 3jiJ 1 3J. ^ 3 -i Lqjux 4 j jxuu c 3 ^xu La 


\ 1 t \ 3 ll^j 


3 *>11 tjL*** ^3 ^!• 

. 11 ^ jLua iGKJIj ... LgKJI 3 l£ PdJi 3 


.JUkll Jf^tu Jx. ijryxiij ^1 Jl ^ 3 j^J' c> P 3^ 

*% ^ 

(jK °^?3^ UfJ^J tjxiilljJl olli^aJI ^ia Ti 3I 

‘ 'j}y ~ JUi'U 4 ^ i l m i.LI ,"1 1\\ [£U'j^ J[i 4. ifl ‘i j ^Li c-flj ) mfl 


Peter Atkins J ~._.<~ 1 Jiu 


JLLJLI 


.^LoSil Jl JJul (^_p (jl ■"•« t^~ ■■■' a_ijAJI (Jl JJLjl I oK 

Winston Churchill Jiiu j&j (jjl<*uj 


TA 





3 CxJLxpj <Llxo^I 4 * nIn 1 1 3 *~\\ 3 SJ <^JAA-lI ^NJLjI Al^fl i Jl Jj) at u\ 

\4jjl^^J1 LLxoLjJlII 3olj^ja Iflxlc ^ S I J^jLil 3-° A ^vl iC ^-luLIJ) 

J^l ^Gl^iLlI 6JA CulSj <6jl^aJJ A X L&LA. J1 Ax ixlaJI (JjLu 3 ja^Ai^ll 3-*° ^ jA~m LaS^ 

Isaac Newton 343 -ij 3 ^^ Jll l ^^^-*I <yjJI 4^ 1 <nNSJl ISxjtlSxLI ^ 4 \uj 

4xfl ^ iAS~t icLJI 4_dl 3 ^**4 1 Idle 3 4^.3 3 IS 3 ^ 3 -^ CJ^ LA^ 3j iJaA 

tL^j J^xu-l 1 £ JrTniM Ui > 1 A~N 1 JaLoj*^ ^1 ~Jjl 4jjLLI ^Lujls^Ij pi a * II 

* 

^Jb JjuiJLj 6 JAj t chaos d L> A 4 iru Lite 3 1 fl </*v t 4 jjl^aJI l^cl^J \ ^j^jLa 3 ^ 

** * «* ^ 

ol a i m't II I 4 J Jfr tYtll 3 S-a J ^ ^jJI 4-kjl^uj«JI iS^xJI Sjl^iJU t6jlj-^J1 4 a t.t.U 

w •* 

4 jj 1 ^^JI ISLloLLijJJ ^jlUl 3 jjl3-Ll 6 j^ilA\ gijljjJI ^j_=*. 1 j 4|»JIjlJI L^_Lq uJJIIj j^jJI 
U 3 ^JI J^° ‘Lr?*J^ 61 cjj J ukL££ oloLi^) jii-a Allaj 3 4^1 

3 La IjS-a^ ^»tul l ^ tic 31 ^-*j) disorder II jlj^j (Jliil Jxxuj Jx. 

3Jj 3 ^ y»j LiJ I 3-q .Loj^-iIu _>->SI ^ 1 4/?t t 4jLfl 4jL<i^ iil^j Ijl LllLc Jjlq LoLlatj 

^ * 

4jj1^aJI IS utLujJI (jol^ O _* “ r I jdc. £_ujLxI 1 3 3 CJ^d ♦ I Jxa- I 0 in^ ^plxA. 

4jo j)^ a n i|j_»j |»JLxJI ^5 CaT> ^I 414dLujS|I ^jLII cul^ 3 j-^l^ 4 jIjj 3 j ULai^l 

ilt-yl Cul^ 4 juuOJjJI SJJ) 1^1 II 3 ^d (Jju^LaI <A At I ^ 4/^ftV> Cxi IS. t^LiVll a * .A\ Aj. 
3 lj <4_uAjJ»l 3 jj) >^>ll ^_o (jAaLxj J^l 4jjl^j-^JI I S wt LxijJI CxjlS^ Aj_Ut i-fji 11 

. (jA^LaxII 3 ^Ss 

3 ^jli Ij i-LTwI 4 1 Ic 3^ 1 (^SJI^ — 4jjI IS^ o lAtjLi 3^L5JI 3 I ^jjlj Jl5 

d^LJli tj t^*t mo 4 jS«UI SlxaJJ AlillJI (3^11 3 ^ ' ^ (_yATt.fl t — LujA_»^! 1 6 jLij 

A\\ \ \ I 4jSjJI oLUJLoj^I 3^ ttlkj <_£I gl*t^v t ^ <^^l^ At a Jl 3j)l 4 till jAiib ^S3!l 

1 ^ «• 

3 >° — 4lflL*JI 6 lx=JI d sr, iS Loojjj^Jj — Slx^JI g^l t a tS 1 _Lllxi . A SU> \~jI ^JLt 33 S. t 3^ cii 

3 iSLkJI^ i~tl awii^. II 4_ijIj / nail 6 JjJ-tii 4-xoljjJI iS^JI 3^°>3 <4 jIa1I 6 J-QA-o oI-oxajuoj 

ul 

<dsLxJI SUaJI jjo t^. ,^vvj ^a_2^j ■ a .4_xjlj .".I i a d q >jU. ~.j^ U. t^JLaJI 

SLujAi^l SjLij 

Li-i^jro^ 1 SjLjj 3 ^iU 3 I 4xA (_^*UI CtA^-ll 3 tjJI^-^uJI Ia^J 3 ^-*^“} ^I-aA 

^ N ^ w w ^ «t *• * ' 

3u Ac L\. a 3 lx A (_ju t Ifl t^SS^-o ^LlaJt 6 Ia3 I 3 A'- UJL> J}J)-1qx!I ^jA^Sh. £-0 LxLt 

JlS-iil ui^j tjr^xS iauajj a^>Aj SLpJI aLLxj 3 I jl < 30 jaUoJI ^ jjxxxl o 

iSlxaJI 4xfl C>Liiij ^jJ) j^UajJI 3 4.41 a i J^C. A UsJ -S. I ^ ./-M SlxaJI 

(J-lAl ^xJI 4 4xxsJI 4xlc 3-l^j xUjj 3-0 <UJjLo Lolljj 3 jISJI j\"\ m.t 

M ' M 



jy*i 


JlSLuil ^5^3 4 ft A > ^.1 IrVJI ^Li ^=*1 ^jjUaJH) (gJJ-uiA £u*V (j -0 4 _jJLc 

.Laj^J\ j^U Jill iSS* “' ^ cil 4 \ «u\11j 4j 4 t\,\Si ^1 5l >\ 11 

^3-11 jj) ]r\"\ 11 CjLiLoJcJ aII JLi^J CJ^ 3 * <AJ C)-^ 

M U ' 

4 \ \ I <4jJjo£. jj)lr>*i 1 li V ^4 .nd’' Cxfl 3 .ll (3 Jj^.^ 3 jl *• tlA\" IIj , \ \fl >"i1l 5, VU <0 ^jLoj 
dJjJ <4_t JajL a. 11 injJI JjlLlllj 4jI Jj ^ iaU> <LaJjLq LoLl^a 

. pl5» jJI_j SLtaJI jj) jla *~a l»~n ^1 SjL>j jj^yiLS 

J&M ^ j ° ,_'">*s 6 ji^. i pUJI t~h » «4 ^jIjJ 1 ij 1 -w NI I iJjji^ 

.il3L*JI SLaJJ j^SlI 


j^laiJI Joad ^Sll fjUuUI 

W* 

ijJ 1 4iUs JjlCLsjj tCal^-aH Caljl \Ixi Jjlj — ^ 1• ** Li — u$^ 

cl jjoiJl Cj jJ^ pLJa^lII ^<03 JjLlOJLJ .i CjI-^ 3 ^ ^/vqLIa 11 

pLLJI Jlx. Sjjlill iSliaJI^ Sjltl JlSLaal)) jl <^1*■ ^ II cal j_» a lx. ^^LxLo jjojj 

4Q.1 flJ1 6JflJ 4 jjjj |xJ lju^.1 v—xJj>-iJIjj <«^l^v"xu^lIj) cl5 ill Wv^nl ^l^oixo^J Ijj 

jJLo ^|l 4 \ qLn\1 I 

^ p p p 

4 O 1 J-LU^l All J^Sh-O J_<Q IJulAJLJ I Jli^l Cx^-UadI 

6 j\S-u2> oLaucu^j 4 a.i& J_c 4li x a i fl^LU >^ J tiljrt-Au ^jJl 11 £j lx.j^ <ci^v «J1 xaJ^1j^3 

«« 

cl 4-s5j 1 ^lc jJ^ cl A^oiJl (J^3 4 Cj Ixj I (J-O 

^1 4 vl^ll oLui) ix»l^'bLll Sl^lJI cjIjJjI *4 i 1 oLljliJI J^l 1 ^. 1 i & 

."iVaJn"J t^^aLvJl 1 ^ a 4a_l/%* pLLj J_C 4-UsC 1 ^ a!1 4_»j1j_> JdLuu 3 I 4 J ((jfSA^iSll Jl 

JjiajJl j t4^>lj-aJl J-C 6j JjflJl^ AJ^v uii 4 Liljj LoUslJ idJ J JJU CaP-L^ ^jJ 1 Jj^ll Cj K- N1 

«• 

4 jj) Lilli y C* 7" 4-OblAiLft ollji ^ a ^jJI ( -j^jubJI 

4^.jp 4ii ^<-^3 <DNA II J-X 4jadLDI ijl^^JI lI 

. j jJLiaJ I 4_jlLoX 1 sr.\ ,^c 1 ^jjq J ^ 

4 CjIjL^VnLI «u^io)) (Jxfc-to 4jj^-Laj 4 1 L 0 X. 4■lojLwSII Catillallil ^ 

J ^3 4 J,-» 0 ILa 1 fl 1^ C 5 n >^ < O^iuJL Jx. jjiS JkLoa 4 II ^jji, ^Lfl 

^JLlI j 5ISfi^ iL^Lu^l j (liu^) 1 :^ J=^JI ^ JjSlI yj \oLiSKJI 
^ ti i& t4jl jJ ^jJl Jlx. 4ajLcJI 4jIj^J1 jK; %1 ^ 0^3 <4jjIjjJ1 4j jliJI 1 0 " 1 ^ * I l aoL i 11 
jil (_aji jJ 4_u3j-fiJ1 IjJk ^l3lj <4j|jLaJ>l Jjl^aojJ LlxlAj Ijp^-Lxi jj)JajJI 







A 4j ul& J-C Lj'^LAJI p~Lul t *1^- J^.lial oLsuJ>^kJI olfc^aA A ■ ~ * a U~\Ij I J.iflji j 

(4juui V* * ^aJi J.Va LNL^Jl 6 JjJC CjIjIj) 11^ oLjLijJI 1 Ja L>Ni 11 £ys 

qL>)j.i^ .11 ^Lujua>Sl 4 ^ojLlu^|I CjLqa^cljlojJI Cj * ioj 4jJLjJI <lo> ^j^aLq 4jLII 

dUa^l ^Lil ^S^-luJI (Jjl^ H JbX: jXjL^JI \Q H uillj <3 L«u <4jL»jLaJI 

.(JljLS 4^.1 4 (I) i_>Jfrlilll 

oljJ c4juljjJI L&LaJI ^ 9 ! ^ V A 4^"S~ I O l^J-LoJ I oljLLo 1^*111 I ft\ji I, v5L^ 

\ jrjJuJl JjJtx (3 £^Luij <iH>l/ 11 11 i^yQ CjI^-c 3 SjjLJI ol 0^11 £-iLj 

£- 0 ) oLjjjUI (<1xu dJ?J'^ dxa jJI Jb£. La <Gjl^ .~wA< LoJ lIc.^ 

iZjl^JLLXJ (JjuLcU ^ J fl*k 11 ^UXjud! tOLkXLLiJjJl ^ \(dJj jJbC JrLxIi JjS Q l^fNU^k 11 I 

j-s-aiilj CjJ>ajoj^ <4j_uj ^jj) 1 la ^ 0 Sia ^jLiij^l 6Lidu1 Cjj, g ln>j N .JaiLti CjI j} viuJI t> LAf^ 

\oljp ^ J I ^/^La <J JJtx L& q t4jX, ikJI J-c- 

0 v£- dj)\ 1 a I 1 ft n'HJI 6_/VJ^ jll b j-1Ll£ 4 q Un \ a t \ I a > i.N — ^JJ p "fc. £ja 

,4Xuj ,_ajl 0 • • jia Ujj t Homosapiens J3L*JI <jLui^l tU^jj _ 5U-.H -: <a~H 

«* 

i ^-1 11 l^il j\^clj ^Jlajj \ xvifl 4^flljJI ^j\£. ^jC. I^jLluj^II 1 al"^ t 

%• 

<4 (_^jJ 4 uJij jJb ^Luu^ll 4^1 ^1 (gj 4aLlLi ^ 

(J^ a» £A^JI dJJ Jo-o ^^.iiLaJI jl aujI iji-llj ^V,A ^5 

.LajJJ)\<^ II ^ 3^65 ^1 4jlc ^ Lv.i 41 m jj) 11 Qja 


(^j^l jjJaUI 


a 


tJ^jiLt La \\g-j t^jLua 4jl j_iifcla La Ijla^lIj ^JLc. 1 a^V- 

(J-C. La Lia-aj 

P 

11 bJJb j^L^ 33 ^jl ^£b Jj u-fll nn^’j , , \\ ^w a 11 (J \ wull 


. J-LaJLuii I dj.Aj 

.^iiui ^jC. Uj>^cG ^j^Laj ^ Loj j Lv“i a Li^^J4al 

kk 

L^jl j~‘<-1l ii-^iJI Arther C. Clarke dj'Ji JlJ ^1^ 


xxlll j£. 4 \j ^t \ 1 1 6 jaiJI J ^ j ' 11 4 ^ 1 1 ojtfr 4j^l 

.Euclid l _yjj 4 11 Ajj jl tjLo^ LjLj^ui JlLa I^ 1*1 <> 
Gregory Vlastos ^^udi 



^LLI jyjuj 


JSL*J1 £-03 <Jjjlaj oljH ^\ 1 itj%u £-0 Ll=^^ jill 1 

j j I tkluj) ' < L>.rv djH-JJ £>jt^j_il_j jj^jj <ol ^5 1 a«.W* i in i ^ jJi Jj" v1 l^_L2kJ1 ^ujJ 

S5 ' ' ~ ~ ‘ ~ 

ol^^l *-\xnJ ^^,uj jo uWi d <L^01 \A\ in!j oljjSlI 4 x>Ljuu3 Jj^^o LrkjJjV^ll 

^JjLuj^j jj)Jqj. 1.1 jI^ajuujI l^ilj ^ cjliaju^ <IaJlx5-Aj <3 Ijj^ l?Tij) 

M ** 

^jxkl^Jl <Ll1c- i^U. ^jJI (^Jrk.iii.11 ^_£> L^jJj v<ill jjjJLxi 4 xLoJtJ 6 ^ fl <7i 11 »j) 

44 «* 

AJal.uuj Sj>*^ fc 11 SLi^JI iii*j 5^fl /nil OjI^ LaJS-oj) *0>bj^!l j_jLua 

5^Sh kll CjIjJ'JJ i > y^l\ ilk 11 ^li A mfli oLajI^JJ ^filxoHJl t_ii^jrLlj 

an 

4JlL)I pi / 11 I * .-.sl ... ^_=k 11 j j-U"M «cjI ik"v)> jjLi LoAi ^ <l $ ni„o.t 

«n 

jLLj ijl^jJI Jjj .oLjLaj jx-1^5 ^3 UUn «4,> y&i\ 

dLJj-» J)ig j ■ *j 1 i 1 < 6 J-> Ok. jp £3 1 Lls^J 

^j-Q JjJjiJI dlLxA .CjI^-ujJI ol^alc. ^jSll 1 n ^ Q pi J-^.1 


XUJ 


Homo sapiens neanderthalensis ^LujI ^> 4 -^ ^ ‘J3L*J1 ^LuHU p Ijj^I 

i Jlxo 4i^oIt 5j^iAJ ^ a“^w| pj Un I 1^ Li1 <S * * /M L ^ 1 ^ Jjui 

SjijLA iilii I^LlujI JjLuJI <4-Lu.ta.I ,4 Axo l gj 1 £ * V 0 

LqLoj {j-kJ^Lxo 1 \ in I ,pJbl3j-o (Jj^ 6JQ xa 4j^jLlsk. ^!>UJL Cxi n u *J 

olx-lj^s <3 s 3 ^- u Lo-ls <(JLjjJjLu ^jLuuj| il'IiLiij ^yd LxLo^cX. (JjJ-iv Lq^o 

vJJI ^ Ho ^jJI Homo sapiens sapiens JJ^Llu ^ ^^LIl LiNLu,! ^ 

11 jl5>l *1 ^3 4^ ikiiill ^ 1^1 CiHi^ ^ j*u& Cjlja .4 Hu 

(3 4,i.u.flj> JaJLxxli L^J^oj Ijjfc <4 aj1jJX.^ P-l^j 4a£-^AJl ^l^j'^jl 6 Jj% 1 ^ t \ 

^jJI jJ 1 4_L3fc.ljJl olx-L^Jl Jjl ^^3 <^^-uuuJl jyjllll 

aa a* 14 

(j^-S-ll J, l*i ilc. cT\j H^-uj 4 H 4 UI i JaHxulU J jruH» j^iuj ^ j-ol t6j 1^> 1 /nllj 

.^-=k^Jj) * 1 *^* 111 JjAAjJ Ij) pl^jJI iJt .1 I't* ^j-o j^ju-aJlj ^jlHI 

^1^1 i»ij £>u Homo sapiens sapiens £^ill 'dl jxi pJ IHa 

.4 \ / 1 ) L oJ l t • \ \\r> 4 j^ siuJI 

oljl^Ajl 4 -OjLuuJI ^^NJULiJI ^I^j'JI CjHS^ ^ya JjUaJL jS Lj J1 jL 2 k I 

ob^ J- 11 

JjJ) K ni 1 ^-liuJl I fl^j^Jl pj^-sn A 1 ^ ,4 ~k 1 4 i>^ll j i S4 it 11 13 

11,11 j^yb M\ olL 1 C 9 J uil ^ j 6 ^ 3 1 "k ~v 11 ^yz ^ <Su * ob^l 

t j*l iij La_fij J^l sljl goliJl jLaJl L*-o ^_uUJI A -^.JLi 4jl 





P » ► 

j-^-L> ^xJj 4 &Jjaj-o CjJL j Cjjfl ^ CjI j L*i >^iI 6JA /jl jA <Lcig-ll 4_ uIjaJI JaI jLfl tJJj 

CiljjiH jLLI (JuX: SjJ-LlI tj-LjiH 4 a j J_C CiljjiLl aJ^"'< n<o jlj-iA ^1 <_£jJ SjjiLlI &JA 

» •% 

.l^llc 4 1 a c l ^ 11 j 

«• p w (- ^ 

Li L^_j Li 1 1 ^ *1 x \ \ lr> \ 4_cj 1 4 ji*\ <0 4 >Ur. LajJ j>\5Lil I 6 La I ^ ^ 11 ja^I I L IaJ Iij 

4_sIa ^i-uo JIq — LajJj>* 1^*111 oLuLul oxjJlLujIj 4Lajaj 1 (^Dl SLaJI <7)1 jj)-L> 

^lJI LajJ j\Ci 11 4 \ tn \IL 4il 4 < JL£JI Ja ^jLa 1 \Qa — jaaJI SjIa 

«• 

L^jSjJlLujI ^LiI Cj\j\ auJI cj\ jLL /^q i! j_> cjIjLxJI v sill JIaJI ^jLujill L^x-j^l 

•Ijjbj SLaJI ^Jl*^ <7)1 jj)Lr) 
«• 

Jjj-O £-A ,.\ \X \ Ja La jJJ).l5L*i 11 J jlVl (JjJL-0 ^jLoJ 4&1 XaJI (JL nil jJ,lV> <JlLoj 

j \ * \ ja ^ | 3 L J LI I it 4D ( j»x. j-Lx. a-uj LJI ^ ^a^ j> 1 a j o“v 1 Ls * 4 j-1 ^ 

^ M 1 

^^LJI 44-LL^Jl L>iuJlj oljixJI c^Lijl ‘Sj^II Jl 3 j^*' <_£^ 

4aIjJJIj 4 I J 4^jL! ^1 JVaIj 4 L J-) JaJI vll*^ AuJl jLjUlL»Ij 4 4_fi J)4.^>jl I 


4 4-u LolxiiJ I Ij 4 s S1 j £.jj jiJ 1 j £ ■■ <Til ilj i4_i!iLJI iJ^JI J l 4 LI vi il 4 \><Lj 44^1^11 

j^luLI ^Sll JiLjj .^L^^JI Z [ u/vo ^iklLj i6jl v iullj 

*-ujLJ! ^3 LjJa jj) lv\ 11 jl .11 j^jxJI ^ya (j\Jji!l (3 La jJ jY\*\ 11 

JaLj .CjI j wii £_jlaj jjLaj-> i! (j^oj (3 ^ Cj1jLi 3 lli J CjJaL JjSlI j .4 L<L j-iiX. 

4 J 4 LJI 4-uj) i*\\ x H 4^-LuiJi jj^_L) — oiL-AJ*iI <3 ^ jjkl]l 46 jL£JI 4 -Laill 

.oljLo ^ iL> Llo — World Wide Web 


























<4-\v.JI ^)x. i-iull Ciljlilj! L$_il JlC Lua.^- 1Lo Ij 
jl ^ jiiuJUa tLoLoS LLsIj <jjulJ »—L>^jc1!I Ija 3 -^ 

uJI^-uj ajlxLujuq <3 fr^Jgxa^-uj (3 3 * u *-> I ^jLxll jLiui 3 1 j),\£ < L&^) KTo 1 " ^ 

•• ** M * ** * ^ 

P 

3 giid iL^JaJI £jjiJI 3 * oijjl Suaq Balimbing ^ujlJIj 
toLSLiJI 3b*$l$ a- 0 *— 1 iljjl JjIjjJlI! aIlojj t^^a-u^ll J^olll ^jLLlucI 

^Jj^JLujoj) t 4 .\ v^.c £a_uoJ Lfril % 1 \ 4 -sLiaJI < 3 ^ 3 *^ jljjjU 4 Jt.laL 5 JI 4 LuJI 

.4jdJJ 4 nU liJI CulAaJ *7>ll J adA !>ijlauLojJI 


4_flj-xl! — 4j9jJl1I 3 txlrvi ^A I^vflQ j-ujjJI 4_j j^aju ^jJI c-^JjJI 

S^iulJI iijjLil SjjlLs ^JLua 3 — 4l~^ .-ill 

^ ^ p ^ 

43jJlII Sj£.LS J > \ <n"> ^JjLuj^ liA tl Cjj j)ir^“> Ls-s^^Jjp5wilI j<4 juluLaJI 

4jj)J> 5U>I ^^axoaJI cN. vm 3! 4 a > j5,,ll jj^x^vxlt 3 4 ig fl/iill JjLajj^JI 3-° id'x£t» 


n aCII 5 JjC.1 u\*C\ > ^ v-q i^>ViIi oLjLu JlC.1 J1 j*ju£. j-tjullj! 3j-G-l* 3 3‘ 11 

j»JI 3^111 3* jr^Sil ,v5»lt 3 

LoJjlAj tlfl \a v_&!Ij 3 ^jjl jljl! Jaj)^ Lubol lx^»jJ j^\5v*l!I ja iAT> 

* «* 

J^2k-o LajIj IjjI £iJ_a3 L^-iLi ijJill 4^fl_» jJaJLi Lo ^l5L*i >1 ^ \ a ^ 

Alexander Graham Bell Jaj ^Ulj^LufLlt ^15 ^ 

4 fl \* o 4 a\jj a ) 4-xjJ^J pl fl Lo (^*ilda Jun ^ju \ 

S^a.LU *L$-» J-aAj 3^ 4 m\I 1 N AVo ^Lc (3 ^Luj^IG 

CjLxjua^JlII fij t^.^-unlG 4^|I J-C Jjjlj Ji (£j^* O(Jiljl 

3 Cj Lo^- i-*-l I jl jl^ll ^.AA |AJD 1 ^,.\ Ifc »4 jjIJ) (tlC. CjI a 

p^aJi ^lu^j j .Jilli 4.fiUjJaJG — 4TuJirvll Lxa.j)11 4_1 La. 

3 l^ SjJbUiJI jj.vi .4alj^t 9^ j-acws ^ AaI 4.xaa?>3 (j£j^ (^ 

^j-=k-> Lojlxi tij^uLuJI I JK^il 3-° NIX./*) jx_> ^jJl <3^^ 

•• 

3lo^ :4 ju!j 4 "w fcVvIl 3^J *3-^^ 4 ^ij_U- 1L» jLsp^LicJI^ wlJulaJ! q\a 
3-® <*> dllA 33^ tjill 4_LijicJL IjL^ |X,.\^k7 IUJ LcJlj£.^ (^jLaj ^1 

C ^ 

^5^ JjLaJIa > l > - E : ax ujI1 .'jA^I 


t5>=^ ^jJ — L^jj ^b J ! — b^* 

3 UAJI jliil Jij : 4 ui&j 3 33 ^^ dJLjuj 






































3 ixaiki aLui'jli ^JiLj ^Jj tilox±u-i oL»L)u JjSli (JjjuJ x a“ tall 

^IxLl i Q LxxaSi iJ ^cLSlil !4x^^Jj)VlAJ>-1 LflJ! 

ijux,Li»^l ^Ikil j.$ ^1 tekhn’ logia-J ^l^JI 

•• 

<• f. 

jj^La t j-JujJI 1 .1 \jlTi ^pJ! Lxa>^oJ^i5lxll j^juO /£^jxl 6^^-0 4jtJ.ll^ 

«* 

JLoJ'jl v jjjLuj1 4x111 Jjljj tJLuru'JI Ll^. jl ^.\<"ilJ 4 jlojLujS|I ol flivlrwlll 

Q*1j 1.at li ^.ajq J.fl-fl taliuJl O ljL ^.a 4jlauLuj1 5j 1 a t^vjuuJl 

Ol ifl X 11 jJuC cjJxllJ /j^Lxj oLl/y.,xT>ljrLujl jl3Ll,xl-l 4 j^\IuJ1 ^JjLjlqJI ^ 

SaiixA cjljLil ^uu ^jxiajL uijJ 1^ 6t^Jxol^jJ 1 oLj1 j) i.aJ1^ 

w w ^ * & 

yj^vill (JMJhJ> tJjLiJJ^Jl 4-CjJILo 4-C-j) a a a J-Xi^n yil 4 O.xaC. 4 v0 [•*. Ulju^lj) 
«• * * ** ** 

J^jL^-o ,^j£- OLaj) 1 X.d Jx^jil A 4 juLaj ^$^J1 ( J,S.-tu j-C 5 Jfl % a pi 

ja.jiju.1 4-icULjI pi juta^j La^jJLe j ^.^..cuJl ^JQ u7\ (jjaJpjj tJ^x^>Jl 

j JjyjJ Sj j a.a 4-LijJaj L^-jJLL-o j- w * 11 oljUo^uu j <g-jljlil LajIjjG-uj^ 

jjJaJl &aA J)l jAu ^• SJjLaucJJ IfllUy-A IcliLJ Ifl jfCI tP-lacS/1 

(J1 £ljJ^l jjJxj <4 jI <jl ^aJl J-c Salt ^jLoJI jjJcxill J'bU k Ja ^1 jj-laJj 

J1 iLlj JjLujjJI 6aA JJaj dLljJ tLgJ'JLuaJl JjLuj^ (J-lc^ujoJ 4^jjJo 

tJlSLuil J5LJ 4 _ljujuJL> JLaJl jJb LaS t^j)lVu ijj-uuoJl 4 jLUI jU JjLLU <3 J t^Jfc.1 
Sjj) 1 a\a JjLujjj Lxa j^rJl tlgJlj 4 jl 11I Jlijol jjJcaI tUa>jJJ)\5wjll 

.4_x ruajJl 4x111 j-vIuq J\A <n*tl 4 _xLx1J 

W V « V W • %» 

&ljl La JS g. icv dUjL*>^ flaArm>L J5L*J1 j»Ltuj^ll 

Lo .^^^.1 ^^JqjJI jaxj tCjJSll^ 4x1.11 j 1 )aJ1 iVS v*li 1 

(> JjJaJI oi Jf 5 U-^’ olv\ixmil!^ pi dvu.ill (jJfiC. ^/ui 


aii < JliJaSll (j^aJ ixlll oljl^-a 4xitu Lo J5^ll Jjc. o-a1xj ai Sj^_Ul oL-uujjJI 
4jJIxLo ^Ijjl J-c /jl u4 .a% Kanzi Lana ll'J \ai mil L>lj)\a» i>l^ 

M •* 

jloaULujLj Koko ^^ Washoe ^-^1 j ^Lj^^xJI Ljl^x a. 0^°^> l^ >l^ 

^jl J1 IjjUolj tdJa J 4jJJl cLoIc. »*1*^ Ju aS^ t4-»ij^a^ll SjLi^l 4x1 

tJ^L pjL* <J^L> :Jxo <4jaolJ va ^<£. oJl^ oLvjjujAjJI ^yo jrlilSJl 

t » t 

c»il ‘^aL fju 1-Jf y r UoAaj ltr J£Lj 

M " %% M M MM* 

LiLlaJl ^J^l j>.aJ> JlC /Sj-aLUJI ^aA J1 «.oJl ^-lLvC.1 
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I 4 "V aJ a\<~I | A \ 
V . Tv ;7 


tl^cl L^jJ yK'XW jj )g 1^ jLiTicl LIj^aj «._j^^SLJI Jlc. SLxaJI j(] 1^~ o' ^^> 

CjljjJLlI 0^- cLu^Li — 4^jLcuujLiJI Jlx. o'- tu ^' Sjj5 o' ^r-juiAjJI 

Lic^il K 1 j \<~ 11 Ci ^ Axu Jfl Q tC-1 fl >11 ^JlC. 4 . > JL X > J-Q 


cKill l^ujiO 1 C.. \ \r> til l*Lft > Jjl *1 ”J) .4 > lullil 4.Vy,> > /s J \ / 1 ' 1L 

(3 4 * > >lo ^jC. J-i^Jkl j 4-\ iJ 1 £_xa JoOGJI J-C. 4-xjl <fl /n^k II S^J-flJI^ 

SjJflJl > 4-jl ^jubl^Jl ^jX> (3^ (J^ p ^All 0^° £-A^>Jl (Jju^flJl 

5,.l >6 o SjjiiJI <( >3J1 dJj (3 b®- 1 t{JlLo^Jl JMJCv.^1 Jjl^ll J^UcLajl (Ji-t 

3 J_>_fl_o 4 ,’ixxll a_o (J^qLxjJI J_C 3 j Jflllj 4 4 JLu^fl_o tiiljJ <c-l fl >11 0 -^' 0 "° 4 > <nLujl 5 jJ)juT> > 

•* 

^A_»_0|j pljJLllj O^' 7^-S^3 0-^' O^ 4.Vv > > 4o%j O-*'^*-" Qj)C lxu ^!1^ AjlXqI 

m 

•CjyJ>^L» ^ 0^ O' j' ^ Xi ‘c£j^' <gL=wUL=wI 


iixuocJi 

• V %• 

Cul^ Jfl Q tlHoliw LfljjjG ^ujJ CjIjjMI jJ>Lu^ 01 J) * 4_i L> 0 Lmj^J I Oju2j o i 

M ^ C* 

4-la l <n > 1L> *.uxi \> >_i >5>0j CjI j CjIj jl 4_>j^JI 43l_i^. ^X. jJ 43ljl5L~>->l 

«* 

*AjJj (jJAjJ — 4_JSn C>lj-*.ll ^1 jAJLujl 0 43ljU^I j^-^5 t4-ijlj_JI^ 5J->J /nil 
( J L C. — (^^viuJl JflaJl pJoj 0^ <I>^^ < lr>5ft 4 _»^vjluJI wll SjL^-o 0^ 

.LajIj klj ^xll Ciljj'Jl ^ 1 J^ILojI 


Charles Babbage jJjLi>: 






































j 1^ jj)-Lc> — LgJ 1 \ ^1 4-iojuLuj^II oUUxJI 

«* 

jAa \l lj LL^LxjlJ l j t4_i_uj| Cjj J.X. a j 1 g K oj L^J j) ~ 

Sj^JsoJI ^Jx PjLllU 1 a\ \\ Lj_ujl ^tJx LULu Ijll S Luis cJ jrL u.l.l \ Jao^Jl Lo .^jLujUlJ 

. *% * *» 

jyii xJl^ ^jLaJI 4 \ 11 ) Luj 1 ^ibj <4.inAJ.O 

:^jLulU 'Jlio jj Lixj < <j\J IJ>_tuJ I Juis J_x 4_>L^1 J^LJ 3 ^ 

. <Li-ujj) 11 ^n 
%• 

Sjjill 4-juo-^a^Jlll g-1 1^> tSliL^.11 Jl^al jj)iw 1 5^1x11 (J^.I^-11 (3 

Ijjj <4_i_^.jLkJ I C)l j\\x\ 11 4\ A \ \n 4jUJLlo^!Ij 4 \l^.l jJl Ca^IL^JI <JlX -tli-aJI ( JkX. 

iijLb CjLlXl\ ( JkX. SjjliLlI 5Jflxll 4 jUjU^JkJ1 ' C* ^ ^ dJ j JlLo 

i 4-^u^all 1 j 4_X ^o-ujlIIj 4_jj^il CjI <3 -LsLo^l J-X (CaIaLuJI 3-° 

^£jjJl JlC SjjJLlI CajI^ Q.k\ll y\*\ fl*\ll I CaLaj)*! JU1A 3 SSjLiJJj 

«* 

. L^UJI S j_i jx. 4 , x^ll cjLajI^JI j j 1^" 4jIj_» — 4jlxaj^^JI — JjLuil ( Jix^ 

«» 

oLaJijil ((jLuju^ll Laj5Ca>1 ^I lx^.^Jj)\ < Cill jj)Jr^j 3 NLjLoa Gjp 4 . 1,^0 j) -v 11 i mm xjL r >ij 

•* 

Jl^a.^1] LlubliG cxjL^JLujIj 4 \ 1^.1 jJI ( Jlx 4i^UJ.I caxLLsILujI jJ SjjLs ^!i^l 

jlaiLol 4 a AijIjll oljjl Jj-y-A 3-° Lo (Jjuaj .Sy\JLlil ^_Lfll^i. 

cjUJLxII pIjIj j^jlll Jx. SjjiJI 3 cjIj ^.1 3 L>AJ jxi < 3 Ltuj^!l Sjij 

Cj^lS!l Jl 11 4 1^ w«> \ll j tCjLol^Jl * ^v" ^3 4 t5 U\ll 

4 v\ i'\ LC. J, 1 Q \Jj J)xaa\. 11 Cx^-xju2>I^ 4ju\^.\11 jv^X 3 > 1 ^!lJl 4^^J1 4 _i 3 1 j 

•% H 

(. % * fr 

pi(Jjl 3 jJI oi 1 \^ »u SjILjca ^jlix *_>LtuJl 3 j-^-11 3 X 3 I 1 

v» 

p ^ ^ w p 

4^1LaJI jLtu-o x^l 3 Lo.^ x> lj^j ol^>3j). l\jo5L1 I cujlJ^ . ^ W * 3 

•Ca^JI cljj jJLo j o j nifl ^jLuj 3 ‘J^^l J-C- 


U^oJft^UI SLl2w S j q j 

d i^>l 4. sLx^. cjIjjj jpwT>^ jj).Uv^j <pLLvJ 1 J^-l CjL a.jJj)11 

^i^LA CjLuaLAj^l 4 _L^.j^o (J^La. 4 a 1*%4 ^ J-Q ^-Jlxo 

jvO LaJlJ 1 6 jib jUJI j^juOl 3 1^11 Jg*V.*jU> jj ^ <4lvAv11 4juluLlu^|1 CjI vllnll I 
jjLfl (4jjj^o cul^ (^ljrL^.^Ll LijljjQ ^L^ll ^J Ll\5D <Lajq 


rv 































J**JLU 


oI^jLLJ 4 a ijj) l*?> Leonardo da Vinci ^Lxxxa 1 j j jjL^ jJ ^uuj 

. 1 *\ \ *> lx. jr-a-A 6 J^JJLJ ^ LU£J 

«• 

<plIjla^ll — IxLilii 3 IjrL£ L^j 4la^o — 4 jjIuJ 1 4-la ^il 

g 

JJO J^Lil 4 \lftC. i j£. ^jjl^aJI (3 i-.fi. farwi ^ <lja 6jjaj 4-laj^o 

•» 

4jJLaJ 1 CiljL^-ll^ g^LLjju/jl i— ta £jriaJJ £3 -QJ Lfl>^ <j^^LaJ.l ^jjq 4.L^Jo &J\£ 

^JLijJox 4.,all-y-l) uJL^jl ijA^i £A.yJ 1 6jlg 1 jAj-uj^!! 3-° LaS^ 4 -ajJjJIj 

.5a \Jy Lx^^Jjj£xj j -\ 11 SjaJa 

^,$.1 jj pLaOjj! 4jo£. Juj) plyla^l ^aa.) v^iia 4_liljJl 4ja^i! 

3 4jLajll a3a 33 ^ La 1 \\ i 3 ** a3) 4 j v,-.ftJtu7f 

gjjrtawll 4 jlix&I 3 33^ LiLub| ijl£ul ^yu2xjj j2j) igjjrla^l 4-iaj-o l.fl'iwcitfii 

C»Ljg c-Liul J! Ij^VaI JJ pljai 4jjaj 5ljdb Jya (j^ ./Juua^JI 

•» 

Henry Ford a^^i (Sj^ £} La^I jjJI ^SLafilL Jjoju a La 33 jj 

.g-lajJ! L^jL-a 3*1-rkj SjLuaJJ ^Ll (^aJI 3*^ ^-ujI^ 3LL5 Jx- gL^U 

IgjLfl La^JjpijJI ^1 xaJ tg uVil! ( ^j6 4jljIjJI 4la^il 

JfiJ ^-A.Va-11 3 La-ujl^j Ni fi~i m-rv L^a gt^un*i j 4_u) J SLp* j*ij\g <_un.*i£~ 

jluj L^jl yuSLl j Jj.i ^~la 5LaJI g^uin 3 I _Aj£ laLoJjl gt-oJ j3 

3 JLLI ^jJI SJllil 4lajl! J! LoJjlC SjrpLc LoljJ Jl dllj <JjSll JJ 

*% •• 

L^J ^jljJt JlC pliAisJLi (j\X.jl) wka.1 Jd^J Lkg fl (({(j^^LL) 4.ira^o i.lc. 

lxa»^J^X’VA.Ii <jr\- = a 3j i^v£uJl l^J 1 j^v,> \ J^3 iiatAA II 

1^-unQ.u lo-a.^Jj)!i5lx,l! ^j\ jJca.aJI djlcl Jjlj 6aj-VrK.ll 

^jj ijKjUll ^Uealll 4ja.ljt 3 (J-t-fl-llj J-iliAj LqJjlC j <4 iLa.a. 11 jJlLAj jl SJ^aJl 
.Jj^l Jl ii-a. ^Jllsjlx 3^o) ^jijIujSH ^X-da cJJa 3 (j^ig^LaJLl 

t^-julual ^jJl La.^1 ^j5llU Ja^il j\ I^JraA a 3 «lUj 03^ 

La^J^ j^jJI 4Jlal 3 Sjlc 6JJJa LajJ^V \j ^aJu j^-urxk CxAj Jjlj^ <4a^aj_iJuJl 
La^1J>Klli Lixi SLaJI 1 ju6 3 • ag-l.flA.il 4 ili/V^ll 

(^yuiLo 1 viA JJ L^Juq V...A-1^.11 L^jLuu gtJjuol a5^ 3 Sjha^ll 

(3° ^LL (N •—0^ vdS ^jJI — 4jajX! 6«li6 ^Aibj .4jj).va ^J^l 

M •• 

oLS.dl :5^LJI >) ^jUI ^t ii^o Jl j^ll >T _ SUaJI 
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ja£iaa£J)^ tij^AjJI 4 aaI£L 1I ilSlI^ < Jjj)^ > <jjl>jL^JIj 4 Jj^iaJI l^byao ^jJI 
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1 5 \ rn AQ £j L>I (J^oIa 3 a, L>^ aUa ;>*A_ub^ aJ 

4.1%. U1A) Lfrl* LoA oljlS^Tu^l ( J^0 AaAJlJ) j-ullC £-iaIaJ! JjyflJI > (3 

Lr iUjlo jj 0 / 4 .. phonautograph JaaIaJI oj>^Jl 

o^-aJt oULa J-vx.r> iF.douard-Leon Scott de Martinville 

^-c-a. ^aJI Thomas Edison r^uujl yuLo^A yl yx. jpl'vn gj j^aaSI 

»■' jV?- Jj* <_A*? £■“ ^6- XAX.\ ^sLull J£ \AVV A 


^t-uoj ^.5U u-i I j£.^j x a Till Iaa^-q yadl ■ >i Tv"j) 

Lo JlxC ' ^ A j LoLqa 4 *v Iaa.j)Jj> ^iA-ual^ t4 a jLaJ*J 1 4 aa*.Ia_ 1I l \LaX. 

Cxa AJB^ 4jLx£aJI 3 A VV 4xy-uj y^AA ^aJI Laas^J>^ Ct.-x,Ttl 

** «• 

£o ic^uxj j^aa ^aJI Sy-i-i^Ji ijl^Jc^xu^n RCA Victor 4 a I 

» «• 

yuuuulj 01 n r>/nil <3 j-fl-k ^jJI "t i .iiK II Jcuyi ^aII .4.5.lS aJ 1 3 Sj^A 

BaLc| 4aaI^A}Ij yJLiAxll 4 a^^ yl yyilXl^JlU LlAAJ <CjIaaajla-uJI 3 

I^AaLUj l.frA'XAfc 1 0 Y IX l ^aJI CalAljJa-OJ^I J-C. yl V JSO 1 iit 4 vlg- 3 * > 4Ju"l 11 
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.yiiAaJJ 

CaAouI^JI 4 J 0 ylll y IS* <4^,.iAlyll CjiyA^ 6AA yX» ^aX-jJI ,^-C 

j^l^A^I 4-uby£. <(yUUO JaLU) CjIjIalL-O 3| ^UViU^l Jx SjA-flJl) ^aI^axlaJI 

4a) Aa^ oLaaaaLoaJI yxl^l 3^9 «Q J)pLaa l flxTtfl \\J yUA J Mi’l l 1 ^yQ 4aaJL^0 

wV^-Ia! AA_fl *4 waLDI 4Ay-A.ll CD 4 J 0 J)» >Al 1 oliluL^lil 

O^uaJI Sa yo i^^aujac Jl 4iLua)!L ^a! j)II qIa!j)Kju^I 6A-A 

*» 

^il^i^A^iJI qIa!j)K^»1 caL^a j (^aLujla^II aJI jl^.^.11 jj a_^. ^aj^5a 

«• M 

6AA yl ^ (OIaaaaLxjuaJ! AQ.C jA < fl,uni\ll 3 ^jAaJI e\ cTiA^jl 41-^-yQ 

^ ** «% 

Aa Jx. OaJj ^aJI Ia^^J^a^aJI jli «6yVAjuA CjIaa^a ?uij Ji^a ^ qIa)j)T\,a)^|I 

.llskAjlli 1351 g f . u^ ySl L^jLjyla 3 J^aaaaI 

4aI IIaLoa 4 -v ,Al \ Iaaj)\S > c jSlI ^Ia_o ^j) >.loll ^a iTSJ 1 Aala 

• CjIao^O yjl JLC AAAJlI! ((^ualjf^JJ^II)) wjIa^JI iyNXAil 4-La.yO 3 

IaxA yX .J yAL aaJI^ (_5^ljr^jfl^jll uLVC.il (\jQ 3LJI Ja-^J^ lyl^A 2 





























^lil jy^uo 


■ ^ jrLs^ll ^ja JUJI 4^-^Jlj J^j^ll ijj^-^-JI cy° 

•% w 

>_illiSLlI jlualil ,jl _/\x. *3 jj^ SI Cjlx.j) iAI 1 <^ljl ^Jlc SjjJLlI 4J 

C>I^JJ) HA*\ II ^jA 4 vlx5*1 xull J L^l ptAJL> J) < U fl 4(J-^M JA xni 1.JAJ 
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Jf Jj ^-S>> (j 


jy> U^LS j^qJs 


(jjjjjjj 4 -Lal 5 L'iil SjjIJI .a-J Gordon Moore jja j^a. ka.^ Ulo j 

S_>jl*iJI (J-C. Sj jjQ ^ Lo£) J II > U jn d ^1 j.. a I — oJljjT (Jkjl 4^jvu 

** 

4-lc (J-5-> \ *\ V 0 6^vu£. ^xil (J^ 4 jLU-» 0 • j^.^_\.> ^ A fl jj (4-LoIll’ll I 

«• 

*~>t J! N *\ VO ^ ^aJa^JI (J JX. 4-jl |x£.j-i^ 4 lj^_iL ^fuuLt 4_uLaij j jaJa^JI ljj& J JX. 4jl 

. Cj Li 1 nil 4 -aj'^Lo ^TiSI vlLlj I ^Jjlj^ 4 j*ui £.j 

4 41cKa 11 S^jljJI (3 CjIJ^JL 4JJjjIjrUI JwiC > flC-lxA*) ^jl ^A- 0 ^ ^-xlaxtuj vital 4-?k. iVill 
4±ol£ill 54Q K*i Jjl C.V 4 1 J^c. ^1 <A$ 4 ^xj j-JuJ! jjx. . qc. 1 <A % I jji> j 

^ja jjjlII » 4 11 A Jlc 11 (J/^qLc. J£ • v A*v /.>" cijl \ aij Jjli iLo j_^. ^1 4IL>Lj 

M 

4 pi fl v vlVill ^jA 4 \ 4i>\llj ^ . jJK-ujJI Q \ \ 4X. ^vuJI <■ ^ * a A \ L j»aJij ^!lJI 4 -xjj II jJI 

«• 

* w «» M P ^ P 

^I» ^-o 4^jl^jJI (J^ 4 >Mn 4-iA^.^Lll 4 4 jojJuI v—fll » iAl 4 _jljjI dLlj Jjlj 

j) iixvv 11 ol-^JLxxi ^1 S^ljJI 

I 

4-aj 11 jjljjJJ j^a ^--ujLi 4i^jjk_o 4fl lAjJl 4 A ^w Nl 1 \ bJJb Ct^k \ is^\ 

J^Lk. 4_x-uj^^JI pjLuju s-ljj slxAAj ^iJI 4 _xjIjJI 5jJkLlAJI 6 JlA^ 4 4-Lol5kf\l \ 

M %% 

^jlj"\xJI O-ijX-i Skill j JAWIIGH Jl 44 voAlll Cjl^lxuJI 

Jl S^iiC (jxxxaA. j-SjI lIjLoj Jl rvj -xu Jj-o 

^^x.1 4_5j oi j 4-x!> j)xA 4_cLtA ^.IjAJLloI (3 IajIjaLijuL) ciUjj 4^^_^.l 4-lxo 
A^_d I ^-IJI J^l^ll ^ IjrLil A -^k -k. jJ ^Lfi^L! S 

M ' 

Hi JAkA J-*-> jjJa£. N A 4 4 Wl) LiU*^! I CjLiJ^II l-AyAX^ jrA.ll ^jA f^jA 

^j£- oljj)*ix4j^jIjrLll <3 iljLxll 4-fl. Jrkll <i!a 411 J->3-> ^j-IlS 4 1-^a\. 11 I j_& \ \ — Lolc. 

«* 

.41x1511 >_>J) 140*^1 ^_Lu^u ^ 4 AQ $ ol^J ^ 4 A \ 
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,4ioliiil jjj o J^jLS £-o Ijjj <U^aJJ ^aljt 'ij^l 

^ ' I Wltl \<\^^A — W* * ■ d v 1.IJJ ^ 11 ^uAil 'J a\IIw (3 ■ ~ ^ il)J 

ft t w *< fr 

/^ojIjJI jj)^k 11 iJ^j^uuLJtJI Jr^ 4_laj^. , bLlLi 4 \..ix)^*. 4_ll 

M ** 

^jJI «4_ljLjJI (3 <Lui iUA. II pi iIaX II)) JJ-XJ ^JJJ l.fl.*> J ) 4 qK" £> J_A. J j" J) H 4-C ^vjj 

•ft 

iO*^Sll (JlLa3 ^LJI ^\^ \L1 ^Jlx. N * * * a-Lla> lib^l^-Cu jy^o_» 

•• 

pl^jj) it a*\ 4j^Ij 1 x C\) i 4.i\.) l\Js 1 II ^ jjulI I ^j,i ix \11 Cj^lSlI C-ulS> 

^ 9 

ticj-il! oLqIa^II ^ daJLuU 4 JI S ^J^.1 ( JlC jAal) 4-lfLi-> l*\ 


SI bj^llC. ^jLojJI pl^AJ) UA*V 11J iSluOAlil O*X)J>j 1 jrLjI A ,.\ ~%.~1 <1M 4_ll Sj-ULlC Lixi I a3 

•ft * 

. 4-LolSfc~il 1 jjljjJI L^-JlA O-o A^klLujI ^_U1 ^ Q Q 

•ft «ft 

w # r . 

(^jJ! i4_xjljJI 4^jjJI ^ya JJJtlo 4 ilc. J)lim (_£j-l! Jal fl\ 11 *itvax> CiAJ^ a3 

3 tJaLfljJI ^1 ^ xflUmfl 4 \ vfl*i .qIpUV>1 {^s^“ ^ A i<n 

••«* p 

OvLun^. Lo-o oj^ ^ v 0 " /.. H Ja.2^_H ^jLi <lUj ^_o j .4_a_>ljJI 4_^.jjJi 1 i^Q Q 

^y \.11 ^UdO^j j .^1 j)Xl.J1 4^ojI ^_^k. ^ i.xijJ 4 1 i«i\IL vQ~ /,.! 1 \\ ^ \ a t^ ,4 _il1c 
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4_i11*^ ic^uj cajI^J t < N M V (3 CjIj< np>ljrlJI ^ a-*. ^I N ^ o A J 4JxKll1 piJjJI 
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4a-lli t_flcLu^AA Ca^,j». 1I J^pLlI 4 aIjj <3 J£ ^4£.Lual5 
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4j$jjl^ill 4 a II 4 a \ 0 A < J5lll Jc. JL>-L Ia^Luj JL ((4a..iuj)- h 11 J^UJI)) 

** 

ol^p^ aa»KJ l Jl A ♦ *Lc cl J .~^ \A." jul ^pJI caLSIJqi\H Jlc. 4-ojL5J1 

" ~ 4 9 

4jc.j-£lL1 wjLcLcl^lII oLa-luL^ Jl Sj, o ti) (J.-nJ \ a.a in I ^pJI J^JIl J-c 4-ojLflJl 

^ M 

JLa^. 1 JS* J| <c»lii aHaaJI (3 Lr*Jt J^c. 4xjLaJl caIJa^II J| u*II J 

6jx 4 a Lo ^_^1 a Sjp O ljjj)AAxfC] I j 4»xajSI1 Jj)0a 1I J 4loK.il I 

Jlua CaIjI null 4cIa-u3 ^1 pj < (j,j£ L ° |A>I Jlax 4jJLc CuK Lax 4aJSH1 S Jxkj ^nflA I 

f-pa. 4 aL o ^.^aJI SjLlxJI 4 Q 1<“ CaaKJ <4 JyuaU.1 4a iiJ tjjA mry-1 II J Ha 

. Cjp-Xll 4c jMJ ^jJd Jc I 4c J^UA Ci fl I In Mij Q A < n 11 

6JaJ-lu CjIjLjJI t4,i,ini iAl j^jclaa 6jJl>Ua 4 CujaJL JL^JI LKj 

** “ ~ 

S* i 

^j-o SjJjiaII JjpLaJl JA3 ‘^L^^aaJx j\£. 1 jOuXA ijliA.^,A 4 aIJaJI (3 f-laoJI 

^ CO 
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4 j, »rs ^ n>ll Q ijaj^, x-a^J 1 CjLj^L£>[ ^uCluooj ^1 .Imfl fl <j tic. 3^ ij . 3*3 ' }*& " ^Loic j ^nj\^ a 
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\ 1 ^ nt ^JS* 4 a^ a OIjjJaJ / |^J 1 > t'slf a 4^^iJJ 4 wn Luj 1 ^ 1 JI 

jJj Lal^C.1 *" c jJaLd (3 iol*JI olwl^-SlI ^UjI Jiao JJU 1 a >flj twiLlj 

.lj j)flC 

.^Ji\ (J -c SLxaJI (Jl^Lil ^uSll ^^LuiaJI • 

4Hc.^-aj _\ Ll i^jl.mj^ll 1 at V ijQ ^/il I i jj^Ls A P^LuiaJI • 

,?>i \^A\ JlfLfol Jj 1 ^" 

^ p p ^ p 

Jj-^k.a *-a La 4.,J a*J ^u*}!I ^joJvil ^1 .4 1 11 ^ aoJI • 

U ' *> 

i/ULijuA ^aill jjJLixul JLill 11 ii 1 J-sufl p jLujJI ^j£. j-S-ULaU 4 jLj^Ja 

L_ijl J£J ^ wa*C 11 4_C- j^±i 4ajIo.II 3 4o 1 aC ^j^lLa j-|, Jj *>>^1 I d\ m 

p 

‘^s^f J-* j^ljj J c-fiJI J^J 4ijloJl 3 4 j1aC (^) 3 a La 4. ft i.L~L *3^1$^ 

. Luool ^_)LllUO ^IjrLzk^JLJ JjjlII Jjl 

^*UI jjjAaLaJI aljJI j)jfc 1 -Va Oj^J La£ .4 LaI£aLI ^oljjjU ^jjjjq ^j^Li • 

. 4 w n?k 11 1 ajJ 1 J} fl ~k \ 

:4±Luj1 6 JLC JLJI JLc j^aadjj 
**d q 1" 4 11 4 t tn*j1 oljLuil 6 JlA> (jrkj d ja.<SulI I Jala.JI La 

S^jk ^.1 UoLioj l a\ jj oLlLqjJI &jx (2 >a jr> * > I jLl 

■ g ^ j.u LaJjC 4 unj -V 11 ^oj'^I j a\11 a a <11 Li jUdj LalQ vdJj La! 4_2h_ubjjo ^jJI Laj; 

ajj^B 

J^jjo Lo 5 v * 4 aCL xJa-ua'il I 1_fi I■ iftN ^LjJJ^aJI J^-a 4Cj) a a J^ja-a _jj^q ^ . >jL5 (Jjfc 

«* ** ** ' 

P P p ^ p 

j^c.1 S_>aUs i>» c_>a. 4jl ^1 9.^.1 .^1 j aI^j^I ^ ...a (JjjOj iRandy Isaac dljjl 

SiUKlil itLkJI jjUi; 

Oo^-U^al tCjlj) \/i> SjjJ LjjjSiLLi 4 oaLaaI1 CjI jl uill 6 Jj& (jr'-j ii'iLaJl 3 7 ^-AjJI JJu 

4=wjua1 a 4Aaj11 4^ jrLui.1,1 4 oaua)I 

«k 

P P 

4 t /..\11 t «*U-v~ 4 (L)^ 6J^^-U 4 ola.^l S6^JaLu ^1 ^^Ltuj JJoo La 

!^jLj Lft5v jjlIjulJlj 4 cL i_ua LjjS-Ao^ 4 aa$ ^1 


Cilja^l ij^j 4 i\Aj1l 5t_ijrLflJI JJjaoj La 4 il aC 3 I^jjuIj-uJ 1 ^ o -0 ^^ 

Jx. L>^5 I^/ljLj ^)J^a ^ I i 4_lLaaJ I 4_ a. t iL% ^/uij ^oJ I I ^ 1^ S^jLJ 1 

4aqS ^_a ^jaaIcuo j! (4a1ajlJ1 JaXaujua 





















^isLLI jyu 


olju^II AI <n > tLa 4.J or. S^-j^ 4jlo 5> d]L ju^ LoJaC 

<UlLojJI Jju^I^JI ^1 IojJI SjLaj Ij toi^Jl Jya 4-oL$J I 

.SjjUl 

otj^l 4 j (Jl 3 ^-fl <chaos (ji) lj) AJH Uijjju j L 1 a ^ u ^i 

£-a JjaLxja LiS Ijl^ t4.iLouX.JL> 4.Lu*\ll <1Q (<LLlj^.ntxJI Jjl 1 ^l) II 

p 

I jL^ tLuuUo LojLlEjq jjJljc jli ^Lc ^ oLjji-^ 3 4-ijl^Ac 

^jl 31 4_3Lfl^jtil Jitlj^x.^!! (^JILaj jjLi tSLiaJl Jli^i! jj)d ^ 4 jJ or. *-q J-oLlIj Li£ 

- ** ** " **'■’’ 4 

5jfl.iiiIt <3 .JlVj ^3JI ^AjLjuiixJI O flJaJ1 ^ t4-kaJl CjLaj ISLII 1 1j^j 

ft* 

tjlj^J ^yulj} hi 11 lj£ .LklLJ (JLt AtJlj Jj-QjJI J^.,\1oJlJ i_fl \\ Llcj 

: JLJI ^jiJI Cy*jl\ <3^15 o^ 


cS c 

1 * K 


LjuluI ^ji\ LL> l_Ukj t^ajl ^yj L^ it ill SjLj ^-o :<ji»lj-£JI SjLj ^^jLs 

.((j-ojJl j^jAJ J v 3Jal JXJLuaJ SjjUl tiljbaSlt (ju 4oXojJI SjrLflJI 


6 Ju >*vj 4 La t 4 1 /t~v ^ ^ ^j^JI (jl^ LoJ jlC £-0 LoLoj vJJj u iojLxIj 

dJLdb .pJ — (jlSJJ J| ULu 4^kVtA Sjj>.aI.o 4L,fl j — ((pljj^)) 

<Lml jIjjI ^ jLj^I ^43 ^j^<L S^^LJI t^lj^SlI ^^aHauj pJjj 

qIjLlLo j^ j ^c-o ^jSllj .4iiS-% 11 cj! j \**\11 4-o^'bUI 4 o 1 jrLflJl ^JjJllj oj!J jl^ 

iljLft CjLi^ JLt \ tpjju^all (3 4_Lj)iAlI Cilywnll d>L jaL^ 3 jriC Sj^jULilil 

I* •• 

jl J£-^|l ^XJu) Cjl^lxuJI CjIjLlLq (JjLflJlj ■ * 1 L" \J t^JJLllJ) lull 

•CSJ ^Jl 

t4 %ji 6 JL^I^ 4 ljuL t^y-^.11 Si-La. 6 yV-xu^ 4 _£jL<!luq 6 ^>Alii 

ft* 

jl Aj*bLskJl CjLj il 1^)3 (J 1 LoJu>C 3 t-Lvfl-C Jr> i7i cJLjj^ dlJ jJ 

i j^l 4 _^IjAc 4 UiiiA Lxol iii.^l t LajLl^ 4jL^j bljJjl jjXiljAll 

<j-ojl!I (j Llojij ^jluo3 SjjLJI 4jl^.^J^jjJI *i»lJ^ft-Sll (^uj 4-axojJI 6 jrLflJl (jLi dJtiJ 

e»> 

ai 4j jjl-uu Lo 1 jjfcJ 

(JjoL tLlfll Jjlblj LLLaj^I^ 4nAaaI ^)j^Sll Cb ^jjjI^-ijlJ 1 ^ ^j^jLSJ ^u^aJl t-ijLaJl 

s 

.Accelerating Returns i^jLmlLl o!jjL*J1 4 jIc jitsl (^aJI ^jIjJI ^j^ll j^LLll 



33 JI (JjjU 




^. J^ - Q^ (jiljJJIj ^jjl o>il-5 3 (jiil^AJI ^ j)(j Q^ (jl (Jl (3^ Cj 
jSj^J 4 .lLclaJL) 3 4jX) j ni.,C u-xlIn Y> 4 u.ii\IL> tLust^ ^jjlulI 6J-^^ 

M 

P 

cjIjXLxJI 33 *^ <3 «order ^1 ln \ 11» 4„ilx o5 Uol La — ^^3-11 ^u5ve^ <L^ Ac. 

«lJ aSjG — 3fl- UJ -ll 4x.J LlLlII 1 

LuaLsu Jaaj L ^jiJI olL£ lj| 11 31 ~ t - x -*3 ^jmLU 1 \ Oj^jG Jy 5 IjjX Lie j 

Cul^ Ijj^ i ccLi!>lJ.A|.C ^j-ujJ)) Lio un* ^jlaj ^caCb 3I ^ <jL»ld^dJ Ll>I^.AlC 

JjIJb 4jl a. 1 ln\ II 3I gjjgml dJLfl J)/till A ^3JI pi j*l.* ill ^1*1 4 oj 1 ^Jl \a 11 

.^JalA. *l~*»~ '"11 j_a ,jiJ *4j j >*>~ 11 

information CjLq3* II 3- 1 3j^11 3-oIj T N CjL oj) lull 3 -0 4 n fl <<n S^LjLLujLi 

Sj-C-uj Jj-o i La 4x1aC 3 Cjlj CjLjLljJ I 3 ° 4 1 >nl n> CjL a i^Jjtl 1 .noise £ v^-iAlIj) 

(JjLLll 3 ^ I 3 oLuJI 3 <^3hJl 3^1^-H c£<-d DNA 4 jI 3 I (jjdl 

t4_* J_lXL 11 rt \ ^ 4,ia.a iln i ^ .4_> 33^11 3 ^ ^ <^jI j)ine £jLaj 

CjLjLuo LiHl 3 I Lla-LaX-tuI 3 .L$_i 3^^ 11 3^-‘ ClJ ^ Lubjl Cj Loj)l * 1 !j tCjLlLu ^ 4\< 1 

f. 

Jx 3°^ .CjLoj)!*^ dJdlc gt u^nt 3 I J * Q" jm 11 CjLjLlj 3 ^ <(^111 Cjlltxj 3 ° J «««11 

^ «¥ 

3«J.uuJ) IdA .(... * ^ * ^ * ^ * \ 4j lS JjLli (^*lil Jxul iitlll 3U»-U 3 a ; v u) 

tCjLoj)! * <ill "^LoL=w 6y^lAi 4_> 3 villi 3^13 4l^^ tLoLal 4 j 3^X1! 3^ojj <Aj^IjJIj p 1^« ^ 

.olxJl 3° Jj^l 2 ijj ^1 jLX i 

Jx. Lajj dJU <cjLoj^l*xt 31 > ^UxiJI 3^ <<—u**3-11 j ^ ^ 11x1.11 3l^ 

* f. ^ f. ^ ^ e- 

LAj! 4_lS j\£. Ud^j CjLq j)lit II 3I J*^- 4aK 30 ^d_i CjLqj) 1a4 *\K ^.jlIJLluI 3I 

^UaUI Q^*}J <CjLoj)l* l I 3^ ( S^ Q ^ dj^lxJL 3^f 4il 41 —pxL^Jt 33^ 3°^ .llid^J 

3ual "i Lll^J (CjIXLuJI 4 l^i5> 3° wUjd llllX 3Jj ^ 1 VflcLub lj[ lll^J iLucjjl 

3 * 3d 31 

{_jjjLijLq ^.1 In ^11 ^n 1 15 ^ <Lo Lubjd' wxxuL'lj 3 XH CjL aj) 1 a 11 30 ^1 la illi 

3 ^ dn.1 dlej (pUjJI ^Jb 5l >-fc II Jl^ai! jj)inl 3 CjLqj) 1 * 1.1 4j3P^Lo ^dx 

J-c- 4-usj^j Jt 3 jl ^Vw i ^ l jx. (4 K £1* 3=^ j>l^xJl 

4le gXllj ^ CjLojJjtil 30 dijll 3^ 3^ c3d^Jl 3s5^ «Jlill 3^ 

• 3^1 CjLjLlj Lq 3i^^l lUJI 3oaiilj d5^ <3*A.ol 4^p*bLo 3 





^*.■ 1 


4_lLcX ^jC. 4_2»JjLjJI CjL aj) 1 * 11 4 jullLs t,.4juo»^J LjljJ_=* « A xA JuJl» fl Q a ^ A- 

dLij £^3 <4ax OA^Jil ^aJI ^.UajJl ff ° A £-£> 1 >oU\rt , _ w.. 1 \" \ \ i5 a^Uj 

J^jmOJ L\ \6 *"> jl jjp Jx Si-L^JI Jl^ ./Tll j^Jo3 1 ^ Vi I ^jJI ol A \A </Vk1l ,^j I jSxj 

++ 

(J-C.I 4^.jJ ^1 (Jj^^jJI LiLl^I i 1 u\ \I LaLea La!>*iLo AjjLajJI ^jl j\C. .Cj-Sjj-11 

«* 

SjLjJI ^ AJjjQ (j-o *dA-J JajLxuajJl J^L>. Jys — <_J9A^JI j_x5 J-i-iLfll — ^UojJI 

<£l-laILaiil jA£ (3 4 -LLujJ) ^3^^ 0^ ' l life)) <*ilul JLS La^j ■ JjAjlaJI 

3 ililxLcs jAaj IjlSlil 3 xj^j 6A->J-=* 4_j^Joj Jllil Jji /n Jxj <«JJ j ^ya U 4ii >1 
<_£aJI (((^^jjlII ^J^.1 <j-a ^1IViJl» -UJ>j AS aUa Lfrj£J ,.\xA xjJI JiflLJ lixuLaj jj£ll ijj-Lkl 

6jlx 4aC >-Vt * ^LkiJI SjLsj j)A.» ^.LslII 6L^Jj*i!l ^1 j (] 1^1 Afl ^jl ^/X i 4Jx Cj A_^»jl 

- ~m . 

. J-Lfl-> xJI ^j-Q A-Jj-Q 

t^UajJI AjJ>-) — A a Q a_jJ I Jj_a JJxj ^1 Aj J>j Aj 5 — d-l^-^Til /jLfl Ia^Xj 

(3 jSb 4 K rfM>Ci 11 JLi^kJI ^JJ_UJ La£j v_AjjJtJ ^ Q >~ a ^ 1 J*\ 

.(J^JI Jx jjlxJI j>Lxi_Q 


^LtaUI SjLJj 5jjLLo Lujjru^l SjLjJ ^j^jLS 


»* M 

^UajJLs 6 j^^%AJL» ^yL Ij^.u.lI 1 ^ *i! ^yjiliJI ^j^jLfiiJI < 4 .jjIj^JI 

f, * 

'j) Jrjljj-o .Lo 4 tlrtC 'JjU J-oLxju» t(jJ,»1' 

l^allijJJ ^jlxll 1 * u 4 jLs tJJjJ tiUxA ^j^uJ 4^^J 

4iJI Jx 0 uJ a u5C ^ll Jx jjJ^Jl .^jJl UaUljj (jiijJjl jljJ>J iiajlj^JI 
L^_Lq Xalin \ ^All ^^iJI Jx XqjJLjj <^rv_x5* ^IjI^jI) J^lu^ <LflJjLo LqLL^j 

M 

SjLjJjJ L^_i 1 jLlL^I LqjIj 4 xLqjl)I j a^Jj cjIjLi^JI &aa Cy ^3 Cj Ij Lva, 

jjx 13 iii,JJ IajJ^ IjJjuaui ajij j Ajlj 1 .^UajJI 

^ «% * •• 

Jliil Jia u j jjx (J-alj -La 4 ^jj)-L>3 4^LcX ^jC. gtjlxll ^UrVJ 1 — ^ I _ SaLj Jl 

CjIj^j-qLu jJI (Jxa 4 >a <^\H 4 II CjLjjI^JI (Jx 4jl ..Lfi'iJl t ^/vj^JI c]^_ilJI 

^jul^-iUI 4xa.li-a 4-ljlx SjLij Jj_ tJlj_uJI IjX ^.luilaa^l (_^jl AiLs <4 xuj ^j^tLo 0 Alxs 
4 JLu CjLuJLaJI jj)(j 1^ j ^ ^jjI 4_j 1 j b iu aUj t (l i3>,J j Lx AII ^-a 4-a_2koJbi CjLx-qS^) 





jliljl Jx jjLUl £jill J^4“^ J[ J-^M jiJ 4 ^jlj iifl'bLoxll 4_&cJjjJI j \>»M OjL 
.^Iklll jx Ojlj j3 tllju-H 4 xjI Cul^ <. ( 1 lj 1x1L) jLaJI Ijj4> Lj3cj 4 Lo.jJjV\11 

p p 

jl — 3 ^' J 5^1 £-JL» 6 ^ 4 oU® 6 * C*a» <«aj i us 

4 jjlrTvl1 CjIjLLuI jx Igja. 6 jl MC-1 j< r> » - ^j^j^ll Jjx Lo.jlj\*\"i 1 Ij &LxJJ JxL*. 

^ (j Vi t ^ jiA^xS 4-llx A XVI* i Jj iLujjrVJ^M fcjLj jjjLS *x ^jsr* fll Vu ^ jjLj-ll jLfl Hlil 

v* ^ pr 

.cljUJJ 111 
^ <« * 

6 Liu J-XJ lix~tr>> IjxI 1 .>"•wjJj ill jl£jjl Jx jjUJI £ jjJI jj Jo j£ A Q 3 Oij-il Lv£ 

44j j jlau 4 iLfc L^jIa (3 ^dbj 4^jo.1 JjLujj jjlcuJLI jIjxILlu! Lx. jJj i^L.ILfl <Sl.nk II 

* t- 

. ^ J 1 J i.LJU LuOjI ^X dJil 

jjJoj jI 5L ~Tk II JKjal j jL \ c-\^jju — j jt*\ 4 11 j)l /»i \ 3 4_»«uj Llo^JI '_>l \ xxl 

lXj5Lj.i 1 jllI old jLx^ Ij < Jjljlill 11 4xLLl Jx ,Axu a .1 431 jX — L~vjJj V \"\ 11 

•* 

p 4 p p 

jx sLoJI JI^-ujI jjl^i \ SJU 3 4i!lo'^I jjjlj <4 ilc. jxLujj jjLxll ic. j_i jl j jL i 11 

Jjjll 4ux jLUu <_£jJ1j SLoJI LL-^ 1 Uo'll -^.uxia 1 ^ /n\ 4jl 

. >_>^) U3J1 

qLqj 111,1 jjpLxxll 4 »ajIj 4jj-uluJI JjLtu^Jl Oil ilj^jJj)3$v-TilI jj^la3 ilL^. 

(SJ^3 3j^* C iAA . 1^ jii ^ Jjjlt J>\ 

* 1^,11 gtil-XJ liluiAi Cj J \ ^Ix^JLluIj U^^s5 4ljJ) Jj X 1 

ixlT J-jLu^q <3 j (3 (SJ^i 4 tj 1-xM J II p v o I^>*> Jj-usLfijJI ^_ya jr^i^JI 1 .mflS 

.,Uo ^vjuLlxs l3 ^o J^\ ^ ^ JolUL 

% HI \^ 4 ^UJI 3 JJL>Q_J Cjl^) J-fl-H J A^ 31 1 J^V^i3j£kjJJ 4_J^)^-Lxlll 4 xIaaJI ^J*_-4jOJ 

** 

<4_flLi3i^|l 4 XcLl^qJJ (JjbO ^1jrL^ILfl 4L^3-fixi e\.\ g-l_LAi*^I 3| u3^J* ^ ^ 

j-^lLojj u_a ^-luj 4 43jLo-^fc. Lq Jx ^ — 4_t^ j^W\ 4^J-cX 4-31 ^ ^3 Li — Lx-=*^3^3J Ij 

.^LkJI L^-ojxj ^Jx ULoj Li_=k^J^_i^aJ I j Ls\ixu Loj3c ^jLulll 3 »_3L^JI Ijx 

SLl^JI JlfLi! ^^.LkSj ^J_*3_i Lcula 3- 1 Lo ^LLixtuI viLlju l.\>*C aj 

iijj^-Ls3 4-iLax Jx 4xjLx.H1 oIjjLsJI \ vLj 


3 J-^ J^>" 3 a ,i jj-LllI 3[-® ily^J fLflJjLa LoLLj O .ml 4jj jlrV\ 11 4 vL-X 

... J i^jIuJI OIjLl 3. 4-afc.L^I 4x3 ^1 L.v 11 

.JjIjJlII ^j^aLaJI 4 joUxj Jx jj.Jcu.11 ,.\ /cT \a % • 



J\jUi 


s* t 

I il ■ 


* 


... dijJ 

.LlxjjI ^ 1 Us \ 11 4 i Lx. 3 * 

m 

... 

LlxuI JM 1 t • 

t* . 

... o-AJ 

.(^4_iLia 11 dJLuijJI CiUtlill ) CjI^jLxJI ^Luuj • 

^JajJI 4 Cy*3 <4 1,11 CifljJI 3 '-tj lAja3 3-^3“^ ^^Luij , 3 ! JjJoLjj SjAUa^ 
6j)^jud L^jJy^"ill jjG ^jJl — ^^JajJI j^v m^ <^J^LgJI 3 


i-UJLJ 


£jLullI ^1 t^jjjl^JuJlj LuL>. LaA umII (3 — caSjjJI 3 

. c j'bLk.ljlU ^JaLGJlj 

II 3 LqUcui LjJ J_i1j 4_> |\Vfl j ^jJI 4 x.^LluILL! Cj iJ jL*J \ 

LiGfc^Jij) \ \~i 1 \ (^LtalJI d t 11^ .d t j-i.j-w II I.aa-v ^ Jjp Lola 

^jJb 4 * 1M 11 [a2»j1j£L> diljJ tl^J-A^-AJ ^ s 5-AJ ^J±A 1 ^ V\ 1 t £_£ l ft. i5v-V- 1 I ( J^C *j. V Q 11 

p ^ p 

J ^ a >_iA4> J)l_2k_j|^ <iy*J £t-*-u2u^ t ^^ ja a ^Jlc. JaIju 4^^)^Jc^ji 4_lLclC LuGljI 

4jJLaC (jjfrjJl) <J^1 {jA LoLc. (jrLA-UJU 1 tllDj JLC JULo) J^^OJ L_LUjl 

4-uIjJI (3 d ^>i d iLft_gi a o^Lo JSJ jg*.I $ a aj <JjL5«a 3 i S^3^ i— aJI l)^ MIP ^LkjlilJI 3 
4-5-j^Jg 1 wnl jau 4_i-uj^aJI 6^5 3I ldJj>5 <( jLaJI 3 

q nc \ JjJLl 


? U*^1 J>° OJ^i < £&*£** Oi* di 
cjla^JI 3 ^ ^ ® A ^Lc ^^ In . Y • Y • ^Lc 3 dll 4 j ^* *» <1 \ in'v 

4-iJja3 S.ijrt-S t Y * N A 3 4 Vi.o (^.lm d a. \-V 11 3 ^-Gyal jJfi ^ y-fl^-uu^ LoL<lj - « ajuLlL 1 

M ** *** 

4jLj 1 /1 u 11 CjIjjL*JI 3^^ oi^ Js^° 6^Ub 3 J)- 411 ' 113 -ulu 4Jj^Jg» 

3^q 4-i-LoLtol 4..A.HJ Q i\2*}ja Irv,^ ia ^jjj_l1 

l. 0 Jlaj i^ltLla jJjj LJ _U 1 CjULa^^lj LxjjuI^ LSUa_» c_ibua-i 9 — < ^)ti 1 ^-t. t J 1 ^ 

«• 

d ui.II l> J^wV 3jnd 4x.jLulil CjIjjLsiJI 3 ^^-^ 





N liifc (jiJ ... ^(jVn 4W^I oljouJI A^.aa 

M M 

CjI yOLjJl 4-1 j I Jx L^-ji \ fl7\ </>l L> 0 I 3 JJlJlU 4.^3* ^Ull ClljUVlNl ^JJQ 

1 «* 

jLajLuujo 3 cj! y\,A*\ll 6 jjb j 3 ^^5JI L&jLuxl <3 3 ! 3 j^ 43x1^1 

3-° ^3 JJ?<3 ^ 3^ {_£ ' V vlS^H Jfcllj <4_XxuNI CjI y\ *3llj 4-uaL^. /S VQ \ 1 1 i j_ft> (JjucG-IJ 

3 <—uljl) 3 ^“*^^ 33. jV <JL 1 a 3[ 4J33 Lq^j <4^o3NLa 4 .vi> 3 o 1331^-11 

SjxLLJI &3x 3^-1 < 3 A 3 ^ 3 -° Sjr\3J Lxxul 6 jl,jxl ^ 4 c(uWvq <(JI!l 1 I <J-^-to jx ‘L>J!3-3 
.4 Vi \ > J' j W i jl Jj Xa. ^jjj 3_fl_a 3 IJ> ji ^ filial I AwlKi/VJ Lo JjX 4xj^u_j g 3 n 

H * %» 

JJjxJI j\33 3 -^ < 3 ^ jjjua-Q 31 ^ ^^^uulJI llcjll ^4j„viflll j>\<Lu\\ j)-ci.il 1 3 U JiiLj 

*• M 

^ p % «• M 

J^Ciill IjX 30 XULJ Jja. 31 dlillajl — 4-iX>lijJI 5 jLij dU j 3 Lo_i — 4_i jLu'xlflN !3 4-xl cT \-vN 1 

.4_uaLJI 3^^-H <3 ^ 3 ^ < 6 y\ja.NI dl> 13 -cJI 3 


jLtuj^L 4 j jLLo <£3j-\JI ifkbull 

3^1^ ^Ixij Lojlx . 3 ^ 3 ^^ J3^y^ d y * A SjL^o 3 U 3 I «^JjLjJl » « o .>-m 

La 1 i?i L\)Ja. 4 \ 111 ^ 11 SjjJLlI s.flC-liAV iSxiJ^k. SjL^jQ _ 3 Lull jl iS^j — La 

3jj 15 3 ^>4aj (5 111 ^Nl j-ajJJ 4^_il aIjCvJI ^-\rk.lo 4_il J-» dll jJ A\\ m>A 

•• W * 

6 jl$-il 3 lfijl jldjj 3 ^=k- <^33 131 oljl^U 3 I jrX < 4 xjLujall oljjLxJl 

«% 

3 ( 33 ! jjj>3 Jjjla <3^qjl11 3 4-ua3l33il cjIjjLxII 33 13 Ixu <Sjjj^J1 


( jju1 4jJx ^(^^ La jJb ^JjuJI ^.\ik\d 0 3 U dll jJ 40 L 1 UI 3[ 6JjJl^J1 Sjl^-ll 

iJi NLvLft l \*a S i_ '&j-=*- 4xuu oLu 4JL^j ^^j 31( j) a \11 3 ^ S 
oLul^Jl ^lr\« C* 4 J (ju3 j\ <u3 <4 Lalx ^_Lx3Jl ^.Vrv \a y\3x> 

|xla33 Laj3x ^ 1 3la 11 3 L ^-la £x33 Jllxll V J^. X4U J^C- Cj( 3j^Lfl <LiNi.jk.Jl 6 JjJX 

* * t t 

IdjJ,rrk l\ ui 3uJI la3 1 yJ^JLi^ < oW* 3x LLxj 6 j^jui JLu 3 4. ifl .3 

.cxA 3 ^ 3,3* 

<^l3-i.Nl Jx 3v9J*^^ ^/%xaJ(3 idi)(3j\Jl^ j-^uJl 3 ,vj 1j^^ (3Nl.3.^.1 dJl3x> 3^ 
ljli\ j)Jb ^1 jrL3-N 1 ^ < 1^1 lalfl3rk.NlJ 6 JjJ^kJI ^-fljljtilj oljl^ll jliLl > 9 *A 5 
^^vll 3a J» 1 <3aJI ^Jtli (_^3JI <4XjL<ju31I CjIJjLslJI 33»U 3 ^xflljJl 

.^L^jN (^ul J- 1 I 33 Jl S ^IskXO ^IjLaNI dU3J <S 


















(jutrwll JjjiJI £_tA^il ^jjC. j\ uC\ 11 4-S_>jJa ^£b S ^ArwiA (JLC. I 

IjLL .dJj (Ja a"> 4-irik.il CjlA^lfUl ^j^. 1 lilpl clli a /)! jSxj ^Ls t^j-uluJl 

«% 

jl LlA 4 jlJ^3 CjLlxUJlJjJI ^jLi (djl-11 £_A i Jfr.-Tik.il I 1 j-& JlC J^A*Va 

S ^ \ i,7k. 11 4 -j l Ax\ 1L jLOj Lci.ifl SyN- jl^ 4-^.jj 
%» 

jJLi .Ijjjja. I \\>j Ij^j ^\ x\ S ( Jlc JjLiJI Jlc SjjiLlI ^jl *-_xj_uaJ1 

«• 

t^ljrLi^l (JlC Sj-ULll dl A*V j-uluJIj 4-^-lXxu ^^j^.1 Lcl^jl j* fl 1L> dLiifc ^jl Cxa*JLAj)! 

1 \ \\ I <f-l S vllj IrvS Q J- 2 k.lj ^jxLfllll a 4n S& 4^llll 4jodl ^1 jJjj 
4*i 1V 11 £> (3 llj ^jUJl (JjjLll 3 Lid^M Id^jUuu djxufi jJad 

•* M ** 


.4-ixu j)^k 11 ^u/^Jl jfrAi 11 >■ QQIjlv 3/rvlL ^-xflljJJ i tdJj ( JlC. dLij 

<Lfl^j-*-Ll Jj,V^k. 11 Jjcj icjLulIl CjIjjLxJI 4-j Lxjdd ^ jj 1 jfrA. *J1 

** 

1 \« a jLuG ^dl v 4.2k.l^^-l 1 cuLual ^jJI d£ JILo 4lijn ^IL=k.^ t^uj'SJ 1 j )a \ 11 

** M •• 

^-jJl 4 \ 1 A.X 11 jLm.A (J.11JUO V_fllj^-jl J1 ^11 j£jJfrd ^y\_iI)LxLdl a 11 3 

«.**** " “ “ ** 

.^l.^ 1-Al^-J 4 -jJLqJlJI CjJlj 1 jl ^!1) ^5 jAWlMj Lftjl IMA jl dJj J-XJ J^JLJ 

IjdjfrJrd dJ j ^A-ubuLi^ <4 wAlil l$djUdl jj *. ftvjuV> njj)-Lrklll 4 -iLajlJ1 ^jLujlUj 

jjLCJI ^1 jrL=k.l ^Ld SliTidl (jndol ( 3 ^ tl(j u\&\ j^Ar> 3 10 vie, j a*\ 3t*v ^JlJl ^JjLuj^JJ 

Sj^L^Lo (JjLujj — 4-j | (J^ Juoljtil ^jlj^Jl j\ fl dUuJI ^1 4 0 1 . 1 \ - ^ailikjl 

** — - ** ^ * •» * 

^ojLujI A ^j| J t d /,i\U"/n 4-ijn ijj 4X.jA^ a ^jJ 4 x.j)\*\a Cjlflju^) 4->j_2kJLl 

k% 

(jl 4-j_to 3j) 0 V • j^^k \ JjlA ((^j^-onJl jU. Q \N 1 u 3 4lL) JaJI CjLjIj) i^k. 11 a! /n^k.^J 

M ** » 

3 j^JqjJI oljlfdLl jollj t ^iil jjJ SjL »3 cjLvjLuiil Cjl j o 1 qju ^.11 Jlc. jj^JaiJI 

.jldl »11 3 jlCiv^Ll iAj*^Lll — pl^jJl LlJLcj — JjLujJI jj)* 11 

j^CLia ^lll 4 -j-uj 11 j^iaj 4 v IaC. (JlX. LlAjI 4x.^Llu!111 Cj1jjI-*- 11 ^ \ A v > 

*% 

4-Ul£LjJ ^aLjUII a,1 A\ll — La^ ^.LLad JjljJJl ^lj-\ 1J t4_»L^j S 1 La j| llxul l^*ix iiinv 

** r r 

(jljJjLnA — p ^jjJI SjLjJ L^IjIjLjA. Jjlalll 4 \1 a£. j4.Lj 4-Lq (£ jJl j-iiJlj 1 ^ <ufl > Jj)ln*il 1 

.Lg-miu Cj^\ j^lalll 6^ P'j^Ll^ jKIj^I jj ^x- 

* M 

j)~ 11 Ijljj vq 1 Sj ^_a pL^Jljl j_xj ^jLujjJI 3 41i11->w 11 s^-3 jAunwn x ^\\ 

d v 11 -v 11 ^ol^%iJl 4 5 ^wLrnJl d t Jg.Nl Q 4 ^jlyvxJl >A<n"> 3 lilimi JJLjJl v—flIduSklLtO 1 3 





































IjLols tjLjcjl ^JLc (3 ^jIujlj 3 -^j ijlxjl 4 j^Lj (3 ^ lV* o 1 \ 1 flC Lo.u.> <4 ^ Irking 

cLJj 3 ^ aj — Cj^LlOjj-U 3 0 1 jj^ItulI 1 LJ ^t-LvT) v £ j-jjlj ScJlUl JJt vll ^J-aJinn (jjj 

L$J CjI O \ts ^_c jHajI - 1 \c ^ I 3 Xa -°I 4jLjLa 

•% 

m* 

<CjIj-U 3-0 ^\_» s ^Lq SjC. 4-»-aj^aJI S 3 S J_ij>3 I 4-i->jII ^jl^jJI 3^ CjI 0 il^ll v_I 

«* 

3 till »_ 1.1 iLj^II — L&j^J Jj^H! j \~> (£^y2>S)l I 6 J-) J^> 11 4_i_ix»^2kJI CjI 3^° j\ U \\ II cJLiibj 

L$J ^ 1 ) f^Jlj <ul J[ ^jl oL1a3j Cj Llill lj 

Cjlj->LaJI 33 ^ c-liLi 1 — («Sj_»jj^. e-lij)> 0^*1 J<^aII 3 

.Ij^. 3 -^j>-^ o-° 3 ^ j)^ 11 ^Jlc 3 icjLuAil 


% iLui 


^iJI o (Jlc I Jj I j^JLuj I < j-a-ii 

*% 

jXj — ^Luij^l pHjJI 3 OJ^. 4j| i^jSlI 3 -C 

«% *• 

3^13 Luajj < LirwjJ yv5lll I 3 -° 4jJLjJI 4_Hj^oJJ 3^I- uj s 3-II — ^)j)Wv 11 CjIx.Ij.jI 

*% 

. Lj^.^Jj) VCJ I J 1\ > 4Xjl null oljjL*JI 

jj).^io .Lxfl_£ CjI j)\ <nll 3"° *, _I CjI^uliX Jjlj j^aLatll 3^I“*-H JjLuaj^JI J.Q.I 

j_*3* ^I >—I 3 ^ 4_xJLlll 4_L^.^1I ol^ 4xjl aulLII cjIjjL*JI ^j^jLLl 1 * r>^ <L^jj^LujI 

4 JU. 3 l>x^» 3^3 ^^>5 <cjIj)\< iill 3 ^ L$jI j-=*l 3 ° 4 1 i/^LaJI SjrLcJI 

4^ t Vi CjpL^- jj>k:Jl 30 5JHJI 4l^.^ll bJJb 3 I <X> <4jI 3 } a^LLII j j)-iVv 11 

«% * 

3^ \ \ a.\‘s*> <nl ( 3^ll JJ)-U\1I 4 _i_uj^II 4 JSU 3Ho ^ 9 X 3 i4 fiifl t ^Lui^ll oHjJI 

«* «% 

.(i^UI O^SM) JU jl^Lt j ol^KJl) i^jjl ol^iJI 

^Ul Lxj^jrlj^ll 3 3j Ck \ ml I SjLjJI 4-la-uj^ 3 A^.JLTvll 3^1j) <nll 3*^ jJ)-lVvll Jo*\> > 

M 1 

3 IJX 3 <oljHL 3 =wl 30 — 3^1 3 -HJIj 3 -° 3 ^^ 3 >>LS 3 ^° »^xjL^JI l^ jp &^> 
l \V\» 3^1 3^^1 SjLj >_< \ mm I 3 j ° 3 - ^ 3 ^°^^ — 3 lIj_cJIj 3 ° 3 ^ 33 ^^ 3 ^^^-^^ 

M H 

Jr\\ll SjL»3 u \ m \ 3-°j^^ p J t4_»jljj2fcJI H jollj jJI 3 (3^"^ 33^^^ 

%% 

jjJcxiJI Ijj^o <jjj^ 3jj ‘3'jj-I^j LLa 3lj^l3L — jj-laill 3x g^HII 

^ p ** ^ ^ p tt 

^^ 0 I 4^ci^_o L^-j^l 4a \ 11 6 j-A 3 ^ ^ 3 ^ ^^3 *3»JjJ^o j\C. t3ul^»illJ ^ 1 IVi 11 ^1 t4-i^L^. 

.3 J> II Lj ^»3 — 4jj3*-!13 — 4^ j J^^-l I 4 a \ il^ll 


oV 




















^lll J\JJJ 


41 \ i-u^ Cul^ Jx 3 (Jj i 4 Ufl \ 1 t'Vft jj >H Jj (2 U> 

^jJI Ll^j^I j). V\*> 11 ^j 5> 5JLU! "w*i 11 4 U.a \ ^ '4*il UvU>^v a tVa*v 1 j^LxliJ 6 Ju J ^ 

Ml «• 

ol^J-ajJI ol^ix ^^lukuu ^ 4uuuij 6i^jLuu-j^J 1 (Juwju lX3^ 

3A3 ^1 ^xjS |1 p jLauil Ij^l j-^I “JULa ^1 (jju-J (j<uLk 


4^*aJI j^bljruolj 


6jJ If. ml Jl jJ 1 jLiidl ^j~c (^a.1 ^jLu j_^l jI j J~'(j II jjUU 1 I jjk jljT jj JAxl 

Sju JuJI 4.1ixl ^IjX 3 ^-^5 jJ5 j^ua^ll 1 ^^Jalj^ya| 64 iauj ^tu^-1^mil ^jrLa>-o 

. 4 J SLfll^-a 4.1UI 3 4jX^u p^xj ^1 ^1 I 4 XjrLaua jJuC 4ul 4 j^*jJ ^1 

■ " «» *» 

<Jjf-II £Jjil 3 Jj^l Cy* 4xa. J^^-o» 

«SJaJLfl jjl <ju=n» 

((.^Ull ^jjit 3 jj' *Jj>^ £4j^1 <3 J^-23 jjl 4 _l=w i^-ll jU». *^xj» 

jjl — cUlix U J£ 11 a Ja» 

^ p »* 

«.jUIjj iJ-JLiJI £u^>JJ 3 oIa^ 4jljj1j 4j11j 5£ 4ul <LljjLLSfc» 

4ik-ujj Jj-Au .pyLkll j-iiiijlo c-illa 4 J 1 I jJuj La Jx Jilj jjiJI Jx 

3 (_£jLuij <3 Jj^ll oLl>> 4jaxLub-c» {ji jjJalj\-o^ll 3 I ii^iiJI 3 "° c?j^^ 

3 ^ oLl^. J£ cu t£ Ijlj Oj^ u-° ^=». 03 ^ ^ 

3 Leu t4juubj*^l S^SJI \r> iu (j\3^>jo ^JshAj ^Jj)fl -v <j[ ^lu-^u <iLlj 3 ^® i4j*u^o <jua»^j 

JJ U ^ <iu> *4uul^ JO fl 11 3 ^ 4.ix>0JI ^ 4a. a ju 11^ ■ ~. 1 U. 1 ^H jjJ j 

.l^uJ! 4ui.^Lj ^uJI 4-xflLxJI 

Vi 

Lajjx 4 li jjij_ 2 wSll 3 ^ La Lc^j ^ 4 ^) jL=*. *4 Ls^.sl\ ^jl l*tilc Ij^Ij LLxlu jILIa 3 ^-! 

tLau^a *^Jjln mil 4 -jlOj Cr“ Jj^l wijAlJI >ul 

*^Lfl-rw ^jLujj 4Jj)Q * *\ 4 \a*\ Cy 4u,-v ^LlLq £ ^11 £tlja JJ) ^^Jol^^a^!l 3^ 

,^-a^!l Ju j\mA^ I I Ju Ju JuXj tluu^Xu IjiufC 

ixlkl^l 3 ^uq l ^JJou £ j \ _/Ua^|l 4xLL^u_xul 3 

3^ mil 4 jl 0^ 3“° ^iLiJl c, 1.11 JI 14^3 Lojlaj t4_tul^u IriOl"*. \ 3 ^ ^ ^-^31 

.4 K uia 3 ^^5 ^ J-C- LaXJb^hJ 



3°jJI 


4 % nil4x.jruJI (3 4-fiLC.Lt^a-o 4 J^C. 3 O 0 I ^aj tliloA 3^ 3 - ^'^ 3^^ U^l. 

Jjl^ll o-fluxlll fjA Lii^Ul JjB LajI ^j 4> JjSlI l iflflj tJoI ojojioj^I 1 (3 \\£\ < \ 4x.llua Ha 

J[ 4o*joo 3^*05 U^b UJ > 6 /*\? (JjjLaJI I Jo J-t-flJloj <gtjji o 4 ul l <Lxlj fjA 

.Sjlo)ll IjOJ LvAJ) <gUjjJrXii.lll 4_3Lfl^ 3 -0 ^oloJI c_A-4-e£aoJI (JJ 4^^^ looLfl tjJljJI 

M ^ 


^ iJf 

j\a£JI jl -V q\S( 1 4.UAIJ 3urk^x 4xaj£j£ 3l tj-o^(l ^^lej cLuua. 

«* 

Q-ttnil ,jSltj iLa Lc^j oUalO ti i ju& dx.jyu AjIjjJI jj Qtj-w tLOu^t o' L?' 


.1 

• «* * 

^JiSLo J^Jot J^rwTJI JaLflo ij£j Jj'^l 4ola jJI SjrLflJLfl ij-aJI 3^ j£-x*oJJ 4 .a.xi> lie 4flojJb dllo 

fi 

■lnl">- CtVs Lajlc j j-LlJI 4x. j^ju ^jC. jIaaIo <5 j\.x.is*i 4 la 1 a CiVs Lajlx. 4 \lc. CaoI^ Laa 

J$i «LuliJI 3x jUiXI 3*° 3 olij-fiJa o^Ij ao ni (j^JI jl Jl Cjj^I Ca-»I 

^Lp, oljj Laalc ^Cjpjoil oH Jxoj Jj-o^l CuL£ 

tP|^JU Jx j IjOlZW (Jj> MU 5a fc-wj d L, fl VC | J_j jxj <4 X.^mJ 1 &J^O ^V.1 flj 

fJ 3 j^ 3 ^ l£j^I <i» 1 aa ^1 Jjl dJjJ ‘<j^boi C 5 ^ dtlA 3^0 fJ ^3 3*3 
JjljJ^I d>£ jJlo Jljo^J 3 j£JI 3^ ‘L^^ 1 J-* &b Jj»"w<n 

4-iL^k. 11 6JLgJ^ *Sjfl a n 4 \ 1 4o.tA ^_C ^Jo 15d Uq\*C 1a v\ lo 4 x.^%jjj 

ic\ .Afl II (3 Sjj^^JI 4klllL 4oji 5jft 1 ^ 1^.1 J u \*.11 Jal mi.VII diLjJb (> j£J «a.Q5j 

IlLiA t j-l! (gjjpUiA ^LluajI J^t ^&>j — 4.1^. in ^j^LII Jolaj^Sll J^l JJn 

IjJLi llA <4 _ij 1AJ1 ^jQ ^^oJo JUI ^jja c-13=^1 ljjojJj < Jo lx. Luj » J «»d — 4,5,111 

.JJaLlJl J 

Cu£ Lax ^jvul jxj Ol^luJI jl idui ^Lfi t^jl Jifn JaJJI j! jJLail 

L )A^Laj dJLa ^1 tdlotrv Cu^ La ale 

.JjjsJ. 1 j_fll^JI 4oo 11) I 4o^_=woJLfl t^JLJ 

<5alia J ^J laU ^jxbJU 

lltfllj ljL5 i^^jLUl ^Ul jJal^JI jjOk-ll £_5 LjJI t4olcl La ^oA^I ^Iaxj 

CjljLflJl 3^ *4_ilJoJ! 3 S4x^ou ^_flo 5j,^>mi ol Jo»«^ll 3 I c-fl^juLfl <JjUI ^-ao 
jnx .LLaloli 3-°J)-ll ui aim I aJJj a t o ^ <n~r> (J^^ >JI J^L5o 3 ^ 4 L^LaJl 




Lll J\-XM 


^3 (^5^3 4j_LoC Lfril ,^ilj?\_flLi 1 inQ ) 4 vLftA I Li j^JLjlJI 4 ^liIjJ 1 ij^wSJl 3 ^ 

** •* « 

. JjO'ill J-C Ijl &ljl La IjlA ^1 tilljJLi. 


■ JaLflj 3° 4.L^liJl oi jrLflJLi 3-°3^ LiS^ljjl ^>jLij 4-L^Llll 3- 0 

SJj^lH Id Liu 

.£-LIj ^-lll^J t Jlo * j 

SjNLlUj 

... Ij i jrUx-aJ Ij i ^J 1 l^i^J I p ,l * j ^xj . J^xHl I Ja l 5 \ 3*0 I Jjtb t Si& LjJ Li 

* 

**« UiA 

■klij 3-° 3° (Jfl > ^jJI 4 -j jl jiifl 4_3l 3ll 6J^*j jlilcl LVtSLcvt 

•* 

(3 LlO jLflli ^-i^Lu jl jJ 3 LlJwiJ (J 11 -LiLiij 3 } (.LlLXJ 

^iLi Ll& . JflJrill iJLx (3 1 jJLJI nil I ilLi. J 4_uljJI 3*3^ 

^ t L^J^Id 4_xLaj SyLfl Jjl ^1 (3 JQ~> £^a LcjLluj jljj-i 3"°J-^ jj)* <n 11 

I i j\ x J Q Lv 1 4 \ < n \ I Li ^ ^ iii i 4 * * L$->l£j ji jJLJI I dj I j} w 11 

^jxLfiU 3^-Loj Jfl 1*\H (_^wll S_/W^oJI 4-il^jJI SjrLflJlj jJLJI (_^wll iL^LJI 4 ^aJ, H SjrLflJI 

6j-wtO' 1 Ij 4j_j^LaJI CiljrLflJI JlLaj 1 Lij iSjjLiJI J3-® ^JloI^$-11 3'°J>-^ 

\a J^J 4-i-ualil SLrJI ^jjq 4JjLoILo Lub.il 


fSntn oLSjLj j-cl Lojdx j\SI <Lcj*uu (jAjJI j*&j IjUL jjl JLJj ^mj-cli Jj^ 

3-0 jrLl^ L^_lA * Q ^ 4 ij) ->v" < Lo ^jpa Ijl -^aI^ Ls II ^ cJJj LclJj t Li.lll.TW 

Sjrlii 3^° 4 i ioj SjrLo Qjjj t j ml jl 5 cui^ j-1 Lo^ jjlJIu „i a a t4 H 

.SjjUt u-ijl It 4 -l^.Ij 3 ^ jJI 3 ^°J>J^ >o^ 3 ^lo iI pjja 


p J p 


^li ^I^Jl j Uabi; LpIu U 1 ^'j ^ U^ 1 

** «4 

^4^ j y* La **j LbLx« t>«>Ji 1>* ^ ** 

SLLj^xxo L^g.4 udJj 

6^ u' 4 f-^ 

** 

SuLla^ Jj£ JVrurw 



^jjl Jjjli 


(3 J 4x.jLi.ajj jjlalJI jJLiLig ,j5LJ *4XjJLaJl <3 tilb 4-fljJtl 4_fl_ijla eJLix Q-m*- 
aj !_*_) j-uj Ijjj jjJajJI jl t j\jli_JI fJ^jd t4_*xlj i-olx 6jj i^>J lxiju3tj oL^KJ ■* 

' •* Mp 

ol^KJI 1 jIjo 6L^-j^JI ^j-gxj i3 ^jLxu j y±j ^ (jl j x tLLsLijj 

C P p ^ 

(jX-JUi ^fl L ellj (jl ^JaljJlj t£-jj jj^JI 0^“* *_>ji yd (jj^-s jJa dlijj *4a»aJI 

.jrAj5kJI jl ^ fl^l Jjufl La (Jx frJ-tA-ll 


.j*' *U3 i >i> 

♦% 

(jliljJuJI ^j-cJxLs ijr^jiJI jLjXjjl OjLah. <j-4> jj£l <wJjrLfljJ ^AlU J) ^ajJL» Jjjb LoJjX 

«% 

0* LbjLfllj ^Alll i 3 Lllxjj LoK Ibl (Jj i^jIAll jj lrk\l I e<xob eJJAl tj.fi <^11 3J. 

** « 

^Alil i3 jLd\ y± <jauJ ciLlAJ tijL^j'bLlI yd ^3ljJI jyajJI <__>juiu <j-\ 11 jl^aVsH 

** “ .. * 

.^jljJI jjJtalll yd 1>\+M ! 4-LxfiLj yd JlJljI 


tjj^l J{ jxuuj ajjjJcu ^ULojd ^c-u^fl AjisJi jj ciii jd&J < (a jLax c^ji jJLl 

** ** »* ' •* 

Sd-fllAj^ Lo 4 jL> Lb dbx> Cxxu-lII 

** p **v *• 

.L^lolfb 4j.b* II ^yj-fi3 4jjl^ 'ill 4fl fljj ^ 

SiixUu oJ lx 

4 <(LcuAJ^JI JtSLil)) yd IjLij-a 4 ^.ljl J-LflLlI (jjiLlt <3 <J^ ‘ Cj IxjJ jI bumJ 1 JLa*l 1 JX 

.iJllll JjjXufiJI <3 ell j y^ Q, wVi uJJ-LOJ 

tfjUJI j^ilb icjUiitl ol^bdl j^jLS iii!^ U jtlAI j^/I .dJj Jl Jjj] ^ 

1 jrLiLj ^11 \Zi SaJj *ilj IjjXJ 1*\ Lm t4 11 iAri 1 ^ VC I JjJ-JI Jjfcjl 3 J. 4_i^S 4 \ /n'jll CjI j\ si\ 11 
.'liljlx IjUuajl jj.fi j 3 l$jli i ((^*1^ ill gj'ilxjl 4 L 0 L) 3[ ^1 Lq 1 ^ V\ I tilLAJI 

*-jd ._>_/Lfi3 4lofi\ 11 6JX jLfl iylu±di\ 1 3 bkjjlj j3 J_LJQ^JI 

.ell JIj-lu (j-Jlj .SjjjjbJI 4 _LcJ*ill 

,4xjbl 

S cAl yd 

.5jjLUI bt 

. 4j_2 g_fljvAll 3 Cj-flj dlllx JljJ *il IaVu <_jla£LI 1 I JX 3 4 ^JLous ell ^j!^J ^1 Jj_^ ydi 4j| 1 \ /it~^. 



, <£*£3 LL i J \*Ui 


jjJol(jjJdlIjr^o^fl 4i/\SI IojI 4jLgj JaJU pJ Cut .dJjJ L»l 

S<GLp. Jii j»l nOjj^ialjrt-al 

^ ^ P f f f 

,4 ^ i/^ll <jl 0 iII 1 ofl it J J-=b-l ^jl Mj.\ ln*i <nl *^Lfi tf J 

** 

.^lia ^tuaJI pji*| JjAjs £>33.1 J*J Ja Jl U^j Ujj 

•uij^^b t£ jL=>J' 6^-^ lU^ ^ j-o j 03^ 4 >.'"'~' *3Jj 3 j>^~‘“' ‘f-*-* 







j ^$LTu.> pl^dJ (3^°^ <Ja : o *.(_^jLaJI ^ a a 1 JIJ^uj La 

*?4Ga pl^ j 

.j^JalJI iLkljiT^l ^jJI 4j5Cl]l 4-iLaJfcll (3 ^Vfl \ *^| Lie J 

«* 

^Wb vl*lj lAJ^LL 4J U X UAU Ijgij 4ja.Lii! £jL» g-oj?-a j^klJI 

4j_aJaj oLLia£ cA^loj J£ iZi±& jiJ ^ji\ J-e LiA -LiLfl li &5 iSjJiLJ! 

<j^jiLia (_£^iJI II ^.ajuj A^ui-uajJl te p^^-^ 11 (_uflj^Jl <3 

* M ’ ** ** «• ^ 

uJ-^U -(S'* -lt?" u> ch° Jjl -DNA 4 jI ^aJI jl <£ £>"^ 1 

** ** *% ~ ~ 

&jLiieL >*\oY F. H. C. Crick cL£ .<jiul .<_il j J. D. Watson 

* *•■ 

oL^lxil ^jjo £-a JjJtj^iK^jJI Jjje (^ 111 a 

£jLH jl-u^L La jrv 1 m/h 1 ^1 p 1<nJI oL^-jJ Jya 4-r*.j J Ji (3jnLa j {jG^>flana 

.SLl^JJ ihlgJI ixl'lJI j ^ **11 «JaiLfl SP1 jyl)) 6^5*1 j 6 juibj) ^. pi jLAJjfrlK^-li 1 
Litll oL^jJ jj-a £a£>L© CjI^jIc, ^ 1 A 1 { j^ La ^j-a 4 j( (j[ ^J-ll p^J>j>. 1 > 

L_aSjiLuia 4iL^.j J Jj-a 4_a.jJ JSj, <ul>l 1 iin^flJl^ jiuJI Jj-a Jj^oe 4-ae.Jj^ 

p v» p p „ p * ft 61 ? 

<(j^-a_ilj—^/ uLj jlj <LijeLflJI s_1 4 _jcj^ 1 (j- 0 L.k ii ^a J^iLa J^.1^ 

*t£3^ ^iul <S^J ‘(uf3sAF^“Qyb^3 ‘3^b^— oiJS^J LA^^J 

jJL-i J 5 * a i flla (3 £ aGla 4 j^J <6J*a Ijl ^luGl 41 m ^1 4J^Ja ^Jjlti > Afl 
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ibjib <3 LLa_aJ1 4a-uijj 4 4 n > -yj 11 4 ^ up 4_xr*J^aj 4 % ihaJI 4 i^a 

) cJl_Ajbj /:d_v\ > \ * SjxiLa jLlLq 3 £J 1 ^ j £_Lj 4j>lwUI oLlLclj«JI 

3 U jJJjJ <l^.iu.flLj oLjLliJI 3 d ^^ j a c 1 U.-sN 1 ^ ■^s“ ol^jLiu^ ib^^^-U qIjq < 7 i II 3 -0 

3 I fl - oJo -X A ■_ ' > “t »J t4jL IajiJI ibjib 3 frUa^^il > i .Sjjlj 5 j\ \ \. 11 c .1 U^Sll 

^liJI <_£jJ 4j,fll4> o>jy£- Jl 5 j£aa 4 iti\r> 4 _lL*. 3 *' lo VlJI ^J^J *M3 4 \\-%. 
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3jl^JI I Jib pLfl-t 3*^-^ cJ-° 4.1 iA Aa £t_UAoj 3^ 31 SjjJ^JI *3° "* ^ ^ 
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^jJI cLuoc^I 31 <1^-* r* s 5 ^d oLix^Jlj 4, J.^..,11 3^ *» Jil j 3 L&-* 
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bjj. 4 aJ. 1 oIojJaJU 4a" vjr\_> CjLoj^I ^$-flj 4^0-Sfc.jrvJI ^■Auij 4..lLci£- 3j <t.(j 7 a c-L!ldj 

3 <jJ^.L/n 13 <4-iI.v 11 JJ^S <3^^ L5^ C:jllj^ t31 ^1 ul 3 
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T ,^jjxJI 3^3 <4 11 ~v 3£ 

i 4. Lb 3d 5^j) <^*1 j 4 K wm i^xS^JI fl\ 3 ^ ^ V^» I < J-iAjljJI Sjjj3u -ua^JI 4-jSll ib jib 

SjO n U ol.fl.i 40 JI ^ oLjLu 3 ^ toO ^ j£il^flJI 3-° ^!j 3^ 4jLjjli 

l^flj .4_i^ujjJI oljjl^JI 31 4^ijljdJI L»j^j^jJI 3-° ‘c>^3^ SLxaJI 3^ 1 jy 3 3^*^^ 

6 Jib ^j)~i l llxol 1 i4fb,ri o» ^j^j-vaC. pLi-n^^/JI ^-Vuj S^-fl-tuJi O Lo^-uj^JlJ jJ I 

4gjl k*\ II o'^X-LfljJ 3 14 v Lja 9 j I i_flLJ 3J ^Lxolj^ll 4j£^~w1L> 31 ^^^ oLjl-^ 3 ^" S^fl-<lJI 

. 4 i.AjN ^ oluKU 4_flJ3iJJ <—flTi UajJ 1 jJJ j j <-Cj 14_jj Hi j c ^cJJ 1 (LjoJ 3 6^0*11 

ii^iljJI iixijj^JI J^j 3-C. jUjj oUjixi! iaJLxi ^ n>l l 
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3 .*o,.i) v^w.i4ojii^ ^Uo^i jjuojj ^ 411 v 11 pi lLclc. 33 ^s 3 t( ^4j 3 ^ 

.^ n^I ( _yygLoJI 3- WJ '^- UJ c-Ll±j 6^)J-s 6^)j 4^ij) tJr\* 11 SjLaJJ 


Jib 5 lx7k.l.l 4jlaIjJI S^iJl 31ca ^jJ I 4_xauj^J1 4.1k Lo jrU Laa^ fl jJb 1 jib 
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£\2!i\ to^&^i jj) lo*i 11 jv iifu <y^-=^ 3j <pl iAdft jy II 4_s I Jj 3 3ljJ ^ LaaI \yx- 

oL^LaaJI 3 -0 OLj— kJ I O \j LaLo) 4J*J I 4 k 1 \ 1J 3 ^ IjJ Jfl-fl 14_j jJI 4 nofl Vi \~±,a jy& j * % 4jli 
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, a JpDj jl «6 JlC.Lux>o)) c 4Lo 4 1 4 j jA-coiG dtLfi Jju dlLiifc O nn 1^ 

6 jX iiill Cu Cj^jLxLg ^ya 6 j fl nt 4-jIj^ JJUXJ L (SS^ XJ ^ ^ 7 k 11 

4 i * II 4_iu, Ci(j II (2)^ iA.il plxa-^!l ^ya byCLui (J -^3 *4-i^ jujJI 4jjlj^J1 

iSLij 5lxkj 4^1^ _ IflLc 4 >q.;< ^4^1 _ ^jn^ll S^i-u.J reverse engineering 

^jJJIj <JL>Loj) \ X .41 4 Tfc JLxx > ^jxiLtul I * \ i dJj (Jjfc-fiLJ jt LiV yJ 4 [ g/oIX) 3 (JL>J ^ 

,JJU i pJ (jjjJI jiSk^i il iQ Vi^ <rnl JjLtijj ^Jx (J ^ '\j i43»j^ l<7i 1 ij 

^ kf-^il 6 j^JLJ gt-A jy* l iAi1 4-jLfl ^^jji^jlIJ iflLub^lLj 

< _t-lc.t jjl i^jLi-ai^JI 3 (J - ^ * * ^ — ^IaI^JI cj JlEjJI ijLLL> ^ V — 5^o mJt ^ya 

Jh^JI ^ya JLaxJI Pj^hJ I ^jl I j A ^xxj 4 <6 jLLflJl 4_^_> JC. 4 J_lj ^ oLi-iJ 3yf gtJXJ ^ Jl>Lx_iLllj| 
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Alu 4jlfi, J-y ik t 9 JJU £-jLaj Jtltl (JjXxU ( jx dUg_fl i J ^1 -vl k ^UO JJ)*\ II (jl 

^ JWj 3 5j-a <_Ll] Y * * ^ 

t4-jjL^ niC- ^ ^ LluLluI 4 -v 11 JjljdLi k J 1 3 j) 1 

^Jx. 4jj JLflj 3 -iliJI t-LLi JsLclL^.'JI ^ya Cjl tA-JUxJI i oTi (j£yyj j 

4((L 4 T 1 ^SJI Sj vrvjJt 4-flLuaJI 3 ^"^Li ^1 ^IjjJI gt-^Li jyi 1 

y& y\Jl ^Jx. SjjLS dkiiin 4, i ifl*i ^-LusSll pLfiLi <1 iA.il pi 0 i^%11 3 

4juJL*JI d! ^ 1 "wg (Oi 4 II 3 CliLfl uO i ^1 4 Sux Jx 

4 -w 1 \ 4,ilfljJ 1 6 JX 4-LuXjJJ tLLI \ ^ya jJlxj Jl& il^cul j^cs j!I (J % *y \ d»1 I j^-X 7i 11 yja 
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A-,i A ,^V uU3> J) I V A^V 11 4 -s. 1 ^A \ 1 5" \ \ > )J) 1 A-A Idib ^J-OuALlL) 

jl i~>I 4 (jofl i 3 Cl)IjA-i,»?i 5 jx JU.jl 4^JUa (J^juSjJJ d)l I^JLlll 

jJ g^Ujdl c-LL) l>^ ^ ciu>^l ^1 oljh^AUi 

i4 Uk-Lo Lg_> ^u'v. > j^JajJI (_j^ 3^-* 4Xj^j_LJL) yj i t a*\.1 I <j\hi~x.~\ LjJ^L=v Lul 

.4_ulj mJtJI SjLj i i a 

SJ.S 3>xi Cxgajuo itoyA Jx y &^rdl £-& 4jI jla\l I Cxfl'bLII d*° 

Jjl^JLluJ JQ * II i o u^-y 11 1 \ A JlLck 1 3t > jrLfil <jX JlLo 

ijjuo JX * II <v >a .v^»“Ha ij^LxlJI L 401 w“\ m > ^jJl ^ 4 *j wll (> L^U1 4Xoj)k i 4jJI J^xO 4 JI 
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. S Jxvl j 4jlAJ |% iruini” J1 J^I e: JAl^J 11 3 ^ "V ^ *Cg ^Lxa-j 4jl <—fclflJI 
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1(3 jAxi ^il3j 6 jr3£ «—ul^*. I 4 J 3 °*-^ ^ \J\ i Jlo oUx ■o-^j ^j\ 4 fl \Q -v 3 1 j\£* 

3^ X^-l j ^Jx. ^JLj ^ laju^j jLuja J^iLa. 3-° LAjI£L>I 4-uUaI ^ q \ > ^ jjAxjj 

4j,*j tlr> d-^- 11 1 tlLlj 3 ^ ^j^al/Ut 3 ^ 4_iLqJlI (3 ^^julJI II juiiLj . 6j-o 

^Jri*o |k 1 a n dilj £- 0 ^ tp-lj^l 4 jl1c ^jLuju^II l3cjj JJ?0 ^ 31 jj)iVi 3^3-^ 

ic. jA^a j^Jai) £^jJI jX* u ^H' (<LsX^ J^j) i^-J' A X&JI 

43=*l 4j.au ^_=*.jJI 3 Ixu L!uI jduj i ( 4 . A a in 11 J!Lo i4-ulj^ i5 s iLc CjIj 4_l2w CjLIjU 

JjjaJI 3 ^* j tv*II .dLJIjj 1,\5 La^ <oLuxlll (aJj toLuLojJI 31j j? 1 ^5 <cJU-tJSll 

. ~ < 

^;jJI l^lrt^k II pljj<no j jJajJI 3 (SS* 3^ LjjLi j^iJI Aaj ^lj-11 

jji^.11 3^ £-°s9 t ^V' v * u “^ c£-*JI «4JLol^» ^Xu oUI ^ \A</Vi > j^JaaJI 4xic jLui 

oLjj^-o olj SjxU ol ajo .oj jliljl Jx 3-*-^L> jjLS 4 jLa tSj-o J5i 3 Sx^lj SJLuuj 3 ^ 

£A 1 (3 iAXI 3 £, l33i 

^.vlaxioj ^1 4 j^ !4jl^_i^JjJI 6jL>3<JL> 11 ^j^lxul ^Lal i—&Q...t Lfijlx 3L3 a 3^ 

toSiJuu 4x^jJI 3 ^ jljxJI ^jlrTi m \ ^ JIjlII Jjj-uj { J^C- Q *4-lot^ qU SjIxLj ^.LlBJI 
(3Jj uJlilJ^J 313 a 3 U tolujill 4 n^all USL^, 11 3 4xLu^aJJ pJrnll 

«.>U^&I pLjkJ)) iuiJL luJI J^xJI 3 L &Aj^Jua» US 
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3 I t 11 <LusUJI 4-1 jUo^ 11 L^_» > 4jgjt o 3 ^ 3 ° 1 «^jl *JUa 

(JjLoj^ jfi fl Au ll ^LUj 3 ^ <3^Uo^J I 6 3a (^X>1 4_>| 3l Jx. (SnjLD I fiL^aA,] I 

JLoj-^. 1 3^x3 4 XjjJ^j La j\ Cl iii'i 30 JI J£ <7> JU ^aju^jJI n£^yz*\ 

(^jJI 3 x> ^jULII j^jLoijJI ^LUj 3 ^I £\. i,.?w irfTk311^ LU3J1 J-iXj oUlj toljflkll Cj^X^. 
d v / 1 > \ 11 y ^ j-o-usjJI dW /..l ^.xxJI 13 a jtg 1^ Aj>.x u 4 S IVtll 63 a 3 >*3,11 3 * 4_jl 31 

3^3 o3aJ^ 63a 3 CjI^A-3aJ 1 ^ i 63 jla ^j-4^3 CjLcuxJI 63a 3 ^ 6 JX^.a 4a^jo ol 0 jlqJ 
CjL1s^j3JsI^ 3 I ti^Sli jxLUj^ J JX. 3U t a t4^i -v^ ujJil^A Cjl<i 6 jlx 

i \ ^^ e 1j| .6 jX-3J 1 3 <4-v /v Ia 35 1 oUjXX) ^JlIx 30 JI 4j^xa« 3 C J| 4_gjLuia 


4Jxo 3^,3 3 olj^*3II 3 ^ jjwxi <ii*c iAM 3 ol^ a-*5 isS^ 3 ^ 

oljjLxll 3^13 3,>fi-j^ i4jx*-o 33^^Ulll ol i^w.i^l J^-llA Ojj)la!i 3J3J (L^uiXi cXI 





<0x01^1! 4 l 'tfc 11 ilit^XkilI J I * * Lo Ijuh SjCjLojlLU 

. l^-xu-CL> 4,jlLajlJI Lfrj ^ \ \\ ^aJI 4xojLuj^I I 
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SjjJLxx)) ^lixu j^J&jJl ^ \ a iun~> 4 dot 6 jJjS CjLu| Inn il Laj^jq.* Sl^Lx-xu 

i. ^ ^ yt, 

dlo'JI J,.T>. I * 4 I cl. LflJLo J" ^ 1 C 3>_1X. d If- oll^l-^A-C cl \ \ J_C ((S^o ,J^ Sj -^-1 Ij 

^jjlj Network Tierra U,~, d<.,..A dJ* jik» ^111 SLaJI Jli.il Jv jaj SliU^a ^ 

«olij 1 •%o)> £ .Sj^Jail oL»UJI pLk^SlI fJlc Thomas Ray ^Ij < j^jLo s ^j 4aoj^ 

4^ Lid! 4 n II lf>j fl Ai LgJ «4 >ln.» ■ ** 4 »l^ CjIajL^J Sl^Lxja oLux^jjhJ ( _A> 

» / * 

iSLlaJI j>JLfcdXojj J^iV54.ll jl£_U J^jx 1 * £-0 ^ajlaLixI ^ <4jI ^1 ^jU 

,4 % \ In uni I I fl Vi \ \ (3 

J-t 4 51U. ^ 6^ In > c<t CjLxI^JI 6 J^J jl £-lLxu 3 -U ^JL*JI IjJfc J SjiJl J^a*t 

f- f. f 

Ij-A v_flljjbl uJLup^ JLX JlC «JjUU>.jl J Jj-0 *Cjjjr\J^!l Jut I^JmJJXqS N 0 * 

J^Lx J-t 4 0 ll^ 11 ^ <u*v II pi o un~> (3 SjLjjJI CuJ^ ‘ c ^ ^ fl 0 ^j4j QajJI 

jT*-» 1 J&Jb <«64jlxq j^JaliJI ^Luj-o £ju3» .4xuj ^j^xLq 0 V • ^pj ilo j-wxxJ! 

Jl 4 ^rut 4-lLxJI 6Jix ^ CjLauI^ J-o 4jL5^1xjo l_ i_fl ^-4^ ^jjLxxj ^ 1j 

** ^ * ' «* 

J-t udj-aC i)l (3 JSSlI J-t 4 a j<nl^xo CjIjIjJ LtNi "Jl 6JuJX oLluli 

51^1 x 1 , 4i^^jk_Ll u^jxxJI juxljj <^.t 1 itLJLlj Cil jlLxaJqJI 
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Jl 4-pfc Lxl 1 4 jxj J Sj^Ldl a. \ a 1 a 11 Jjxl^ /d < % U. o-Tl dW \ \ J J 1 5 aT\ ,11 Jl jlSTifl^l 

J ^_th^ i^Lo^ll Jl ^)j)Jn"kJ 1 4 ^j^a. j.wvX 4 idailxQ ^jLI^-Zu 4xu 

.^JLfll^Jl xllsjl 
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^jjuillxSj t 4 j 11 CjLi-aJjlj^JI JLxjq j>j)ln*i 11 4 xLojlJI Cj Lft \ dn^ll JjxI 

jJaxuiJ (*H,!j ^ (j^JaoJI SI^Lxjq 4 ll-^C J ^j-txxu 1^,-unA t j"j) ^ ^ 11 g-cl^J Jj-o &S^La 
j^JajJI pL^J t xILaJI ullatfl J^J 11 J ^yaliJI JlC 

.iSjdlil (jjuwnlt 4 jl-ujI J oLbuJ-sJI 4 Aj^Jo ^yaSLu 4 ^^ lljLfl fl.v* jun 

Jjunfl II J <-*1 ^ ajk II ^ \f> <^n" J Ji a fl 11 gr (] \ 11 IjUb JxuxftxILi Oixlj t a^inj 

((.^y-Oj^l Jx. ^Hl J-q 4jl^ic^ 
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AjJLajj JLa^j j' 3 ^I tLUt-UkA.il 3 ° [ J.C 1 ) 1 jifl *L a> >g\ 4jljjJI (j l_t£-J 

mr 

JL^aJI JLa-aJI ^-lc CaL^-I^* ^y~^X \ 3 I Jj t4-xll Jtjjl JJ <i_fljuO^JI iSjj 

AAIxjI^LH jjLs < \ W d Q 1-W ^jJ| ^JLAjJ^JI JLo-2fcJ I aKI ^ (3 ^L^.aJ 1 ^J-Q 4tjl ^j_C 

jl^ xjj ^jLo pI^ A-ll L$J oLut£ ^Jkj <4-i£jJI 4j 3“-iJ1 4 j 3“-^l 

4 k 

ilj^t P^JctJ jj) lol 11 I V -WI JJ \ \ ir 4J S ciU A^ ^jjjoJI t'^LjLk j^isoJI pt^A j AXi 

4_*JL> 4.JlX0j CiljrLfl I 4j| ^1 <4 ju1^JI -~>1 UvU.^v M <^y~^x \ jZSia I 4j>l 

SUrJ! (JI^-luI 3 a*-> <<i 3 (4_JLoju)I Ijjl> 3 ^ jjH=h_L 3 a* 3 ml a 5 q tcilJjj ^.LlSJJ 

3^-1 i\\ 1 Ax» 3^ IjjjiJ 1 iA il LxflNLujl ajlJI oljlilcv 
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.pt-ju^l^ ^uUtJ 4j>l <(>1*JI 3-'° 1 _I d) I^joC JclS-A ^3 % j A-ll 3 Li Li-i-H 4 j-uojJL> 
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3%IjLxo UaLujI ^^A /\ ixi i/Vi j1^3a1 3 Lo 4 K <n.<a (J^aJ * t jlU,l 3> 3-^ 
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^ik Ijjk^ <dlJj \ I^J^L til pI^aJI (JjqLjljq oI^Ljj^I \ \<n 3 I ^Ax» SpI^aJI (_jyu l \fl \ 

3 Lo 4 JLulo 3- a * ^1 ^j"v \i (IjJLxxt ixoj pI^jJI (J-oLjljo CjIjLo^I ^tlr.^1 <3 ( xXuJI 

p ^ p 

j~'~' ' r _/uLi Jl tdjl^j.i.i,i ^1 CjLcLuj ^_xia j (3 ^ ^ ^ ‘S*' 

j* s^\r d i^A d JaCl it (AUaJ 1 w iti <^j)A^x pI^aII JjaLsua Q Li3 I 3 C 1 - 0 Jh^ 

3 * J^bflJL l <n 1 i^> SLxA JIajIj ^3jI (L^oxjAU j^xal \r. ( ^^o 

I 4 k 

J^jal (J\3 jl>L> ^1 4jjL 3 A 1J 4-l^a. ^ ^“ji ^jLs i ^^ ^ 1 J^ji.QiC 3*^ 3^" v ~ ^ 

t^.L^.uG ^uoLj^>j >% t a 3-°-*-^ 3 «Al3-LLLi3j Aixo Q.tlK ioLiLcu SaxJ l oa^11 

^•ululU c^^ - 0 *-- i a 5^ t^.Lc 4 jLo cS v^.^^>3 ^ 1^1 ^iJxjijLfl 

0 .auiiii o^Jj ^isJi i^L^ v l^ji Iaa IqI^j J 

3~^xjJ llftj Ll3xjI 4 *>*% I <^k \aas\ vll 3 ^LkA-o I^LxjI j^irxxll 3 ^ <a3J 

3-^3^ ^_fi^-t-o Lul 3-LLfl tpJaxll 6AiA-jl> 4 j£jsu ^uLcul 3-C 4.)ljixluni LjjI (AUj 

pI^aJI 3 jQ L31jqj jloJI 3 ^Ljuo jIaLo_» ^!l tf \II ^c- A^3_i ^! j 3 - q Lxjq 3I 3| 
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olklaXo .- ili'n (> ^ 
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SjLU 33^3^^ <3 4JLiJI jJL ojUllI ^uaau LqJxo 3KJI c^^JI 4J ^uul 3 ^L^ao 

.LoLoil i^ SaLLI jjLxxS 3 L 6 a L, All SjLL 3 
jIaLxi ^![ 3 ^^-IL pI^aJI 41^.5.\> ^aJI 3 , 5 '^ ul^ 

Mt 

it^ju 3 ° Aj^ L^jI 3 a n rf^> 3^ ^ 4^ j j) 11 olxoj^l 3-xJ I 4x1 Lud <3^-*- ua 
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<JlC ^vjluJI t4 jI\ imp Cj 1 lr^» <L^J^5 jrL) *5^0 jLlJ-O ^1 Jjj) vLfl 

1 jx n uLIj ^ oft* jJs JtJLj) f LUI pL\j> II S. vU J&\ ^j)5L> jys yLv5L> ^jA \q\ 11 

.(i>j-ijlilJl 


iil^j tjc (j-ojJI o^ili J^4 

(JbJ^II Jl JJ^ojJI j c\"\ HI \ fl^to (J^SLl! ^ Cj La J-Irxv I 1 (J^ij 

<Uuij S^S SjLo d 4jI (j^\ <f>tu Jj^jj 


dlllA (jl^ Ijl ^1 i « jy& jL^-aul)) d\ fl* H d (S^JP3 tjj-ojJI ^Jls v_a^-uj 

((^jiill J*UJI» — «^-j3^JI CajIjJI)) IjJ jl <4 jl>jL^JJ 6jLl^q 6*2 *-^Uwil % 

Cjlj^o 6j fl fl 11 bSJb 4_>La^ SjLc^j Qjj-U-uO 1 .^sfLi Leu I— /j xLv /Ti\ N 

*» 

Jjju J <^ug-£LS*A ^ n>^ L)J) * * L>~1 /II \ ^j cl \Q 11 cl A 1 Cl 4 U^lll J <7)^j 1 

..\.\"v 11 j\£. JXajJI ^jl 

4 nlfl!\ JlX. 6j-0 ^jl d\ 1 J-»xl lul 

u3*-uj /)J)SL1I ^jl 1 JJb ^ \* )\j iijJLo^Jl 4uj^.l_lll ^yQ ^£1 4_u JsjjO L^jLiUcLi 
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JJ-alj v_i^_uj 4ul JL&\ ujaytt» .6Ju-a.^ 4 Uq\ SiSz* ^j-o 6JJ-QU X > 

cl pLj-oi^II ^ Ir^a r> ^1 jjui t^^Vn ^! Sj^J ^^aJiLlj ^au ^^i.1 Sj-o 

JJ ^Ir^lll ^.^.xu dJjJ Sp^oJI jnfl*) <J* Q > IjLolfl <3 

dJJ J ^3^ ‘ UJ^ 1 <Ck \ nnw 6jl M,fclj 

C>1 a v^jurk.ll Jjli <c> u<JtlLij) tLub_jl j-^1 (j^5^ v3 v—> j-)wU-i 1 a i m.% 4 

iSjoLua (jl^l L^l (J^C- jJr^’Jl <cl.> j jJLuaJl 4JLlL> 

■ ~il j\ mil CjIjULq JlcG 1 Vlo j d 4-ij1jJ1 ^jJL» jrLil ^j-o pl^-^-l J^jJlLuuj ^uJl 

«% 

j\JLuaJI ^^Jl li& d fr^J^3 ‘yvJLu^ill ^j^JI dilj <3 jj 4 ^ '^J.Va*\I1 

- U i.l I' ^ 1 a\ vS 1 1\ <ii^. ... ^| J^5Leu 
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Jl jjju cAi!S 

4.\.iq5v Jtll otfiuuoJI (^OlIajJI j^JcJ vfl <6 JJaj ju^ * \ ^jl JjLj licj 

C^Lll 3 1^-tuJ 1 jJ ^tdUoi^Jl ^IulXJ ^jJl J J AJ11 lr\l 
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(>■ jW s j 4^ ^bj C5>?-' ^ t 4 ) CrO^U Lo^^j aia td_>jj ij_La j^aaj 


VA 





*(^14aJjJ <ulu ,Jz 3 retinal-imaging displays 4jSLAJI mai Jj jia 

w ? - * 

SjLjj <>> J* 4 $ i?JL»-o oUljj u' jj* 4 ^-l 

•C5~r^' ^b 1J i 

Jj^IaJL < jlj) mil (jF £-Ij ^illLx jjJb (Jlj-J ^ Jj& 

4 * 

ipLoxu^ll ^£<JuJ Idfl -v Jjja jl *LkJ^X. JjI iu*\ Jx“> <G^!^lj 3 I illLx Jol^x % JLi 
guLllJl Cjc-Lxj iS_£l jJI CjLcIjj ** cdljJ .£*J| ... < 4 fi >L^iiJI ol Jjx'lJI J.w^liu j 

Hu lid jjJ Lad 4*% iAlj HlsuluaI CjuBj-II j^^oj <n\ll 1 oi^n ^jJI CjL^!£ jJLfi <4 Ifli j a 
£-jx yLuu La JaC 4iLa11 4_i ijL jil j^_C jLj^I ,t, ,> Lua_*l illLx ^jLfiLj 1 U 3 IJ CuJa. Ji 

• JjLmuIII (jl JiJj (jl^ OfiLiAj oLij^j 

mm 

^■frul ^ i_jl^x 5jC (j-® ,/Lu 4 j1 JlxoIjjJI 3*° S 4 mflj illLx ^Jb ill Lx JI^-j ^ 

ioLull^l ^ju Q J ^ <in > \^ <4^I^jo 3 4jI j J5 juui ^ 4jSU iS^kiTiil 4uijjjL> &JjLSj-ual 

. JxjJI (JJUSL* (b JI^Ji ^ ‘A-*j .4 Q \x ill II 

4x0 iii i jL»x illLx <_£jJ J u-fl^xu L/\xxl S4 1-xjl.l 6 jib i r>r <-,Ijll ji 
^jljJj 4-11 JaLojI j ( Aaj-v^-v 1 1 3 4-Lal^U J^x^_o ylX. ^Jb^) JjaliJL ^ il 6 j 1 'xj 
4 x nm Jal Q^-xjl 1 tr\ tl dlLlA^ i j\ & \ j^i ic j-uj^ it <>i CjI j 4-ijjj?liJI 

.ill Lx J MiTfc I La t^sjj I jl La 4JLx (3 4 -iLsLlLxI 


^ u—> 1 ^C-^U 4xa ^jjfiJJ Sjljl Cx5^~* L 0 - 1 ^ «i_JLxjk_a (JLqjuxI Jj^lilLi lj^ 
t4Cjl.<iilll oljjLdl ^^jliJ Llaj 4j 1 ( A-a) (Jj^-la j^ajJ /n 4j>! ilLuj 

(JIj-lLuj^I 4-y ml^Ji jSI^aJI ui-® jIaa.1 I jJ^laJL* ^jJ «(Jj^JaJI o!"® 

Jluu Jlx Jj. S^/CLa ^j^ilxu IjjJsu j>j^l 4 jS jJI J| jAaOj ^jJI 4 n II ^jljjJI 

.1 (g I frLx-j \ ^ tjln^k i 

^b 4jI I i A tl JLx ^ (ililj illLx plSjjual (jJa-i ^ S La 4-La. a. I 3 ill Lx lj jJLfl Jj4> 

4ia a jiill 4 aI^JjBj *4j^I j ." 1*1 j5^ <4xa ifliJjxl -L>S c d \K I 4 mfl ) 

.4 mflj ill Lx ^Jb Jlaj 4\*C I a U\ L1 j^sGJI J_c 4jj Jij /4 * *11 

jLa-ll 3*° J-» — ill Lx (j-ojrli I t^LaAA^II Jj.j-' 0 -* 4 aLoaJI 0 j Lie. J 3 

Sj^a ol J*> iaaJ 1 ^iAx 1 — JjLJI auII (3 ifjJ^x La^ Sj lr>^ s Sm^Iojx j\ AjJI I jjfc 

j ~\j 1 ia*C 3 gt-uil I Ijib 3 “° JjLajit 11 jxl x ^ 11 J^ali <n a c-IjjxLj illlj^ 16 JX.I 3 

•LAjI ^*1=^ ‘ J-c- C5J^? ^ c > - . L u r> fc 

jl <u u^ c. jjIjj (> Cm Lo J.^ciJ' (_b> 



jyun 


S ^ y a j Sj Jlc dJ J pIj^Lj 4_jj LLo 3 4 jlSJ 3^ j 4_i3 ^j^JI jjIjJ 

dLa. 3 A JjJLaJI dLa* (JtA i /.to t4ju^%o 6 jL=dj) 63 !^/*. (3 oldL>. 3 J 

SdJK 

I e \fl \Li _/LC ^tai.ua lj| ? (jrt-AJ J-flJ 1 dU> ^ jt-a ItiLa (j^ 

t—o5*jrU 1 fl m£\ ^jJl 0 L 03 la II OuQJLsLLujI 1 ! dL>. 3 A Ijib JjbUeu 

Lq JLsh. Jl JJCU 3 JJaJ j. JuT>*jl dU> <j1 4 0 \S ^ _/d_i djj (jM dL>. L>° d ^ '“** 


j^l ^LzLjJ^ ll^) j .4_2fc.LHj| d5 1 jl)wL=^ dU> jj 1 LSJio^o dL=k> djo ^ JJ 23 . 3 ^ Lo^ 

1 

. dL=k. ^yQ 

6 Jy^JI Sj i A 1S\ ,~ J^)tj pIja| JJLJ JflJl dL=fc J-UaO pI^^JI Ijl 

SdUJ (Ijl 3 I) d3_s dJj jjlj ^11 (LoLoj .\i.\^v II dL*. 3 I ^j-o j^LlLI 

<«3 , -^j, ) > 4 jI ^g\ <4.1^.I^A J^C, 5j^-uOlJ ^Ja 3 ^^ll dL^ ^LjUIA JjI JrLfll 

LuJ 3 I j5l^JLi <4Jjyg aii 4jl3»- 3 J 3 VCilI Jill I 4 -*.3 3^*1^ mil Jjl Irv^*^ 

<6 J a 4 v i pIj^^I 3^1 ^.a aoj ^"11 Li^ 3 J3 Vv" 11 (^\ \ \ °\ ^ Lc. 3) ^ 3 -dl 

4aajSjJ1 O Llaj j l^d I £t-m3 j <4 i w-*a 11 LddJI Lq 4fL»-tu Jya ^"llj 


f LiU 4-cjdJI 4-jJJyUI 4.,a-utll Jjlj LlijJ vl .4 j \ass % II L s jdJJ iijljlll ijjJoLuJ I 

c- 

4x.j%dl iKd^O t JuLI ^JLjusJI L) IJX, P Jjjoij ^1 ^t_XAJUQJl 4 1 Q ic^-UJj 

Cxlh <^J^iLJJI ^^ II ^uno <4 jj1jj 3 L$JLg 

N N ^Lc. 4_>^iuJI 4di1^^J1 5 ja All ^t mfi ^jj^*>"vLJI L^j ^^-^1 I ic^aJI 

4JLuj j-ulc. 4 ajjI OJJL^. djj 2^3 JLaS^I CjIj’i mil ^-o^l La^ 

f' p ^ 

o' t>° 3 ^\ w < t ^ a' e$' 

4_i[ (^dl 2^133 6 pI^5 JjLloj ic.((^tJ-^a^dl)) j j3 t^iuJI 

^ ii>I LULcjj-tliA 3 dJj^ ^- 0^11 <CxfljfrJt j^jaj 6jj£ SjL >3 (—£ 3-10 

Jlo _ ic^vdl 6 d^ (jiJ tj-ij-i pJam JjSlI dldi ^^53 Jjl l \ ^ a \ .^^iuJI Jtil 

41 voll ol j * 1 *** 11 3 I v/J| I _4_CjLuxlll oldiLxJI LflJ 4, a iAL^JI jj&I j)icilI 

3 0 LQ 3 ia.II 6 J-A lla-uoj (Lii^Ljl 1 dL^ £*ua\ 

4^quujl^ 3 4d*j& Jl dLd « 3 Sj» 4 t \ Af. dij jlil^l IVi^C a,> j tOj^JI dL>. 3 0 S 3 JI 
.4ap < SLa 3^1 iiii^ 3 | a JS^I 4\< 1 i 6 ;ta3 3 AJ ^J dLsh. JLflj jJ . jjJjiK II 


dL^ 3 LAO 3 0 >AaJ 1 dL^> ■_*i^jJ j-\x. Li— lu-q dL=k ^x_ojla dJj JjLa_i ^11 1 

dUt J-^3 4 v 1 aC. jLi t^jUl dL>. Jlij : ~' I 3 Ls -v 11 ^y 0 4 1 ml /nil 6 Jui 0^331 I3| S |\ t,.\ fl 11 


A * 





JiLj 4. AaC. 4jI JjLi J^Llt dUIu -1 1,1 a\ i>L^I J-u^j ^jl J_» 6j)inr»» (3 

.^j-Ouk-jJI jJt (jpiuJ J->J-aJl dJl^. (^jjjLlI dlla* jLaJUl (_g^l u n illLxJ 

j ^jSil JUTiyjl < C\&-\ (j 111 oLoj)U11 SjIxIj ^ulu-U ^,^Jlq 

(^JLxaJI (JxulxLlll I JX (3^5 .Star Trek Jj>j jllm olal-v j ^a 1*JI J'j-^'I 

W •* 14 ** 71 

* t> *t, 

SjLcl ^yCi ")iju tjjj^ ^1 ^^jlj ^jojLlLo ( Js£. j)<^l SjLcJj ^ui i ilI 

c^jl-uj Lx.tfl LfcllLxaJj ^jJI 4-xaL oj)l* 11 4 v \ i^jlII <LaJl xall SjjUJI CjLuijjI^JI 

«* 

i 2jrLfllj dj^p jLjlxu qL.a <r>ru<7) /jLi I ^>5 Caj ciUU . J-UL-i 4 jLJuILq Q11 

cAxjua <nll <5jJ J.a» CjLaA jl <LuT I- fl la*% Sj„o 

tjl "ill i J^lJ 4_fl_»Ua-o ^Lu^l ^3 L$ll LoLoj 4 q h^ a Ojfi ~~ 

6* oi^f '-‘“oi .Sjjj^JI <S>H! is* o' ' *'J 

" « *• 

. 5>JljJl=wJI jLlu^^I i_ji \\Ji\ 6JljXv JaiLfl CjLqj)Li 11 Jux>jJ* ^jl m^l 

S1 (j ^ikn^ LflVi tfli Jx a I CjIjJ^^-^ i-Q \"i ^ \ 

’ M 

l>» JL^ CjIjJ>». Jx. ^ O^ lU*" ' ~'~^«,» 

LaIj^LL I_a\C-1 j \Ju ^^UJI n 11 J-Cj ^ IjjljLiJ^ (yl 

Jx. j\. ,L3L\J 1 Y iCjl j} ^d S*X jHaj 4xxaj SjrLfl tj ^Liw ^llrv xt Ij^L=»- j\Ju> ^1 Lul ^C-j) 

^JLs^..a LlxJ Lit .Lju^o LiNLi- (3^-tn a^ oAlj j^xfC ^^uj! ^ml \ 

4oaj|j 4xui Jaj ^Lll iSLkJlj SjLLI JaLculj cCjLaj^^JI 4oqjIj CaIx-j^^^-.o 

** Mi M 

LtJ j^-U^ Ij A^Ull^ IjaJlj yVJLXJ 4 Afl H 4j jLU LajLj fi\ i j* x~C\ 

pLLI jl i j\3-1s') (3 a JaLaj'ill Jl <—>^1 J;^ Q *lj^ 

* *= 7 s ^ 

I n m\ LLaIj J^joaJI Uub Jikj LuaLi. 1-L^ 

P 

— Ja-oodl 4 ifl ifl->>J1 6jlil (jLfi A-xl^IL)J tolj) \ <n ^1 (CjIxLuj 5j-aJ 

LxLj^A Jslajj ^1 Lljl J-C dLlj -4 -uIjJI ^yd plj^l (3 t (jLoliL> (J, \ a’ui i i — pill 

*4-J!Laj (^Ul 4_iLiaJ 1^ Sjlil \ Jj 4 igtLa. qIxj^a^a a 4 \ xuLo/jl 

w 

jaj Ja-ojJi 7i'- p 1 4_aiAj ^jk . \ >. '-v II i^JL^. yi ~i Xi jl I V ' If. jjl ■**■ »*» * JlllJLi I JO)^ 

jJU^iJI JUJ nfl\ i JlaXxJI lJLx. ^Loli 3 ^XX>.I J^Xj j5^ .yvjLi-i 

p p ** ^ ^ 

j^yuxJ ^ujLuj'^11 J IJ^llJ i ^0 IjX Jjl _/AX i4j LEjlio a ^jjj_J 4aLfi c 4 \ Lcl.xJ I 4_L^>ljJI 

^-ujlU^ ij^jljJI 4 /;i. vV^j II 3XUJ 4 l'lfl.1 1 J ij lV \ ijil l 4xLxjua SjLc.| ^ s U" , <t \ Ljj^I 

(♦ CjL ojfrla.11 4_aJLxl SjjLaJI olxo^3^l^aJI j^~v a ^ j-i SjSjj tJL^- 



£jLL I jIjh 


*« Jaa,\ 11 c jx jJaLa jLj JjLLII ^Ijll I * Jjj^v^LaJkl 4 0 ^OJl> 

- “ ' •* ~ ~ ~ *** 

Ijjfe 3 \\i fa dloA tLuLuJy^j ijjLLo pJanj /JUj LiKx\ jSl IjJaij 

«4JajCLj» £uauj JJU 4Hjl^j «^.ij.5,11 dL>-» jLkVil ^jS> 4-wdl 6Ju& J^fLI t^ljJl 

p p p 

^SLj 0*11» 4j^a» (jl SU^fl ajJoJI <JL>- djJj hXflj lr> iuj j 4 i j 

«• * «i 

>1 lr>a. " U^\ll 


ajSU £tb iijLLo *Jl$ £JU 

j-iill Jy 4 jL^111 3 LjljSI JjllcJsl 4 agjJaJI jJLl J^xj <jl p\% H mj 

.4-La. J^bj 

Max Planck ci^L 0 u£L> 

<Ja.1j 3 b tftljJ liil dji La Ja 

Edger Allan Poe ^ Jill jb> jl 


iiUi ^ t 5JUJI 6 jla 3 ^(_£l a p^ju 3 ^ , 3 -! IjLo 

. ( Ji jL^-uJ J^^LlLol 3 Jbl 
•« «• ** ** 

Woody Allen Jill <_£j jj 


iulolla £» 

w n/ •* 


S^juu {j£- IjLoj SpLLI 3 -L» fl (j.rf'i % 1 tli\ 53 ^JlJI 4 -J^y>x ^ j-Jj bbj Jj 4 > 

? ^1 jrLflLi^ d < Yn\ ~v S^dL jfcLuiaJ JolA jXuU ml 4.1 jjqjJLa 1 

?5j^jJI Jo- 0 ^tjual ^yT\ '% il\ 1 ^5,1 f 1 l^ll Lbj^ij ^jJI ^pLilil ^^%iu £j\ LVl!£jCU Jjfc 

^jIjLojlj (jxLJI 4 jlaIjjo ;^.5j,im^ 11 Jy yA5Ll I ^jua’jl ■i—tuJ! ^ La.u c-i^uu Jj?CLL1L> 

Jl ^_a>l >Aj ^1 3^1 4pJbJI 3 bjjjj LgjkjjLl £jc. SpIjiJIj <L^c.L5jI 

oy (jJ y Li JLa uliu *,* * • * V ® 4.TiA. Ipj) >A (^^1 La jlp. . 3 b 4 rvlUllA I 

m 

<Lr ^uilJI JjJJI (5 jI ^Ju U ^LxjjIuj •,♦•** Vo Jl Li.jll Jjia Ijjj ijxx^l 

« « 

(2a^ 5-L1I jLaJili tdi^Jil lala. * LaA \\ 1 ^jjULfl-i J-P Jj).j^ai?k.ll 3 *^ 

oL>.jII Jl^lol ix jy i-i 1">AJ ^Llx^SII JqJa 3 ^ »j>Q <o^ll ^^iJI ^Jssjlj 1^ 


AY 




JaaJI 


Jjja-O jjLkli ^Luj^II dljjlj .LflliL^I <>> ^Jj <jl$ftll u_fljLaJa olixuaJl $ 

* 

£- 0 ^ <^Lol£ l Afl ft 4-A^-fl ,^jC. J\y> 1 4 t i II l.L>I ■!M A ^*£.11 olj JjrUL» ^)AJl.aiCV^lI 

L^jLi <4 ilfl ft II IajI \\j\C. j\ <nQ.lJ LqLoj (j-ijJLlL> 4-xil^ ijjJaj IjjjJ Cut£ dLlj 

j\AAjJI < j£. Sj^lc 4 JlUI IjLfl jljA^IL> ^jljJI j^JCuJI (Jfl V> 


«• * * f p 

<j£J <(_^)£-LniA £jC. ij^JLxu j lift I ^ xA t ^jl L«Uj .jA^II ojUL (_£j^JL-ui 


.{_£^cLaiA cJLjJI JiLil (jl £aJcU-tul (^jC-LulLI 1 0 \ i Ojj-A Jl£ |»J jj 
Lojj SjIjA^M p KTi LoJjlC P^xJI jnfl\ > j * " dljl ^_ij£-l ^ ^ (J*^i 
LiL jLlrJ £ \ \r\~\ nn ^ ^ .^jJL ft llj til (_£jl La£ ^ql^II 

>QLiNi^Vjl uAjlj JLa jl (JjlqIL) u-fljJtj 94.mfl*> ( J-C ^jl^J^II fcjjfc (SS* 

4-ij^J oL=wjJ jll^a <A^J-j^~wL ^j^JJI ^ajiII 1 lr>^ ^jAjuu Loj i^jLuax 

«* *» 

Ijufe ^jLaj ^j - 6 (jl ^-ixsl^l <4 jl»LaLo ^>^1 LaLaj ifiLal-a J jfl 

*?l.3i lqa 4jj^j <_£jJI La .I 4 J ^3-»3j Jyi ^Luai^ll afvua 

** 4* ’ 

j £ £ 

•Qui*! 


(3 JjLaj I 4 J iaufcjas 4^kd a"i^1 CjLo>LLa 4jB^LojlJI CjIjIi^.II 

jL$_a. L$Jj 6 taili <3 ^-ujLioJI i—jI^Jckj ^ii.AJa j-al I ^iuJI jj if. 

fiLaJjiJI ^j-a 4-lfl 4 jS» jJI CiLiAjJLmljJI 6 JLA 4jB < ^Lc iolil ^ '»* . JAjljo ^-ua£. 

1.1 i^ki.A.i.in Lkll A. ViA. S<Js^LoJlJI oIjLl^JI 4j ^JL-aU ^jJI La (jjl 0 * 1 a ^ 11 

4-fi^JLa ^X-Luuu jjolj gailiiU LuLfi ( <LuLllu| 4flJr^Lxj Ljj^Jj L^jlxu j,(] Lv^j ^Ja^JLI 

^(jLulJ^II (_^jj I 4 J ^JolJ LfcjX.1 1 ILA £jC. IjLa ill] 

m 

6 jj) u~\i ujaaJLau ((Cj^IS i)) Lojj ? JL=h. ^1 J-C j£.Luua L^jjJ Jib ^1 

.*6 JlA j.tVill ^LJI jAaj 0^3^ *t^J J-5-C* ^1 Lajjj <1 \ \ 3 C* Ij 0 ^ a 11 4 .^ aj-la 

L^jLui ((( 6 ^jjJUL>» ^JLxil u \^k.~v ml .akUJI 6 Ja^jJI CjLoI^JI ^viuJI 

p p ^ c 

CjLiIjJl^JI ^jl II Ijjfe \aj — C^>^Js 5 (jLu» 

jAjC C)Ljlja^.ll (_£jj 4 vLlnlc. j^X-Lrnl IjJ^J llUJJ (4lfilc otaal^ J5^l J-C. J&\ 

4ijjJa 6 *Lk (j^J .4 jj-uluJI JjLflJI 4-ljLcua likl^j \,. fllnlj^fc 

^j-aIa*U^ .^jLbUJ^jl ^fcLaLO JjLaJ ^1 4 jj| jJI ^C.LUI ^XQJ ^ ^jLuU^II 

4 * 

4. 11 A 0 3 ^-aiJ l ^t^JI ilt-fcOA ^jl J-^I^JIj il^A^ UjLij ^jlj)J-%.ll (J^ 1 ^ 

M M ^ « 

i-*J Ciil£ Ijl Lo J^». JL?^ (i oLcljjJI 


AT 






jC. t ./Tj 1 (jjjLii dljj| jxLaJ) Ljj-^-C- Jj, ^ * 1 A a < _A A I^a (3 'i! a) qLI^JI 

' ’ M 

^ISJ iuloJI 

II jS& ^jjd (jiai5T»I «o^l oLjI^x^JI (jL» JjLLII 

*4 

JjLojj) £til ^jjs 6 jjz ^jj) vlxu I,uilJLj Jj&I Jy4>l^>Ji Q-A^JI <3 Q^ISILa <Q^l Si 

ijj)^ oLubljrLs'^1 JjAa dLla> .qI^uli^wII ciSjtj LJL*. La>J)lS 1 ^ 

soa, S' p ^ 

.dilj ^aLlaJ 4 ■*\fl a 4ji_i^)Ja — QQ*. — 4j»l £-0 tol^Ji-y 11 4-kjljJI 

^Luij^LI 4a£.^iJI J!Lg Sjj^ill qLL) fc-h.llj Q*^Sll qIj JjLII <3 O^LiLJJ 

<» 

_ q^I joliJLI jjJalJlj Homo sapiens sapiens JaLJI 

J-JLjuJI oL)jluLQ J[ Q^L JjU^U C-A^tJU - ijJljJI J^jU^aJI (3 

S41a1x. 0^1 6Qb J^SLLcu (J^b . Jj)Ar. 6J£- ^3 Lg_fi^£-*3 4_i^ uluJI 

,l^>fl'ij l^ljl jl (5^uJI 'jS,-1 l olj 0 ^| W--... J* <»S l>a Jl SjI^I |jUj> 

^ M % M P 

J| Jj-u^JI Ja SjlLxIII £JL 4_jl £-A iLo l_3h_cLj^J ^jTluJ) l*it * 


9 Lia '' 1 

tjjb I^-la V^ll 5 JUla f S j\.r±.A I L>l i/*\ A \ LujLujI ^C^JI A u.AA (Jj-aj 

**i 

uJLx^Jl (j^o SSj'^Jl lU-® {jt’ IjLa qLuuI 4.^ Q 111 Axiu^jJI 

.Lxclj (JJJjJ J)a\ 11 jJ-Cji-0 J)1 ^1 4.^.fl ill J^SJI 

Afl j J \ 1 ^ \ A.1J1 j \ 11 ^ ^.^il ^ubjLauo 

t^^Iu 4^L> J^ijl JLC. 4 A ur\^ {J\ a ^ ^ (jiJ tic^fou \ jk-lI ^jA^A 

4 \A fll jjj 1 j Ja^ju&U .^j-AuJ1 ^-11 Jl i_)j>AI (JtOl^JI i j u^v.> Ijla "■ 6 1 jjlo)^ 

J!La Io a yj-*-* *_i -*^\ ^jJI ^^^11 Jjlxuil ^jLi tx iA-N II c-aI^LcL)^ .1 

.qj. jl xi.Lrfc.^|lj ^l^-xJI jjla.*La ^ojLuj^II *_ijLxJI ^Lati^ll 4-olj^ 

iijji Lu J j/j (jl0 SjIjajj 

C-AjuajJI JLu3JlLuj 1 ^1 ^j,> ^ ^^xll SjUJI j O'X.I 

JaA 4Jj>qK1I pLuI 4.i<uLfiJI 6JLA (j -0 fcXi Vj <Li^l^>. ^tll j *—>1 u^l 1 

u-A^ux£ 4 ila-xJt Caaa3 ^[^3 ^L)! U~^ a '3 ^JLoj^I 

5 ** 

i> Q V ^J-A ^jl dllj s (Ja .La Lc.^j 1 \* \ ( 3 -^ (JaKH J) a.U 

W W M 

^-11 ^J)~ xx Lajj^ 4 4_»oLa’^Lc 1 Afl » flxj ^ il"« ^-a ^3 Ua (jLul dllib Lajj 

K _^ ^ ^ A J( jJ, Jcsjoi I^Ia (JiJ 44 jlpI^JI CjL inII JJlC 

M» 

S 4 -i£.lj^l La>j^Lxj ^jJI 4 ^ 1 ajJI qLJajl.II djQ ^^3 dLlA J-a 





3 ^a, \ ^ jjLlI dxo ^jjjIjJI 3 I 2 _St^Jlj i jLAJ^II 6 * 1 a (3 iLS xg jIj^ILlu^II 

qI^^I Tb A (3^5 Jx <JLi JjLlllL I 6 JJb Q I II m jiLfi ijliJ^I 6Jjfe 3 

3 ^iil j^uij Theaetetus ^(~j\nj The Republic Phaedo 3 jjji 

4j^a. J-C 4-^ju^I j^JI 4j^viuJI SjjiLll^ ^X^JI 3 (J-^lOLI J) 1 * 1 x 11 JX 

t4ijjl^iL! ij iAxIj ^a xvjg. 1 l OLaJI 3 ijjvu-dl oLLLaJI 3jL<iu 4 jj*.Lj ^aS .jLlL^II 

%* 

o^lSlI 3 lVx ^iJI Jj) 1 *t I3 4 IaJ 1 301^3 *-lu jl jj 4 \ * \ xl^ Ld^ac.j 

0^1 Sll \ 0 Aj 4«ul^uol dj Jj J^Js^LaI .j (3 \ j SLiJfc. ^ I \\ < l \\~*> oljKljl Jxi Lb»j\Xj) 

•* 1 

4_dT ^1 <— ^j3. 1 4_l^Lj J-oj <6jJ2La1I 4 kflJa. ;ilI oU-oJuil Sl^La-a Jx 

M 

JLi L£ jl <^1 j-11 *^b J ^ (Ji L^Jl^aj Li^-c JjIaIIj 4JaJI 

“ ss p p 

4j_u^L=>- ^x^JI ^jJxLI 4j^Joj <3 l jjb jx .-lll^J 3j? Ivjxl Cj ^$1 _ 

^ OjLj — «Lxa^j» — lliX^ j t^^vxuJI JjJJ 4fl 1 TJ.I 4fl t vfl.rvll 4j$J t 3 ^ AaJl 4_dSl 

M 

4jlLox {(4xlt» Jx 3 ^^ jJLJI Jl.a.x .11 LllxLiu jLs iJJjJ < Jjalu 

. Jjjlaj j>^)JI Jl-Ojj < 6 jJL*il 0 ^\*vfl3 

'bLl i J JjTxj 'i! 4 jjLj £^jJI Cul^ jIa A ^ ts> ^jxliJ lJ-A jl cJjJj L^-l 

> >1 a niii^j ^ * v 11 J| 2 ;LL^JLuj L^.j'^J c 0 „dl (3 ^ 1 ^Ja \ \ jl jj 1 ^ ^.1 

J ^>11 CK 5 ^' Jl ‘U-l 4j LaJLtu ^llj <_jjU>JLll 

%» 

Jliil J^waiil ^JLlllII ^1 jl i.ilaJ 1 ^JLaJJ 4 via■* 11 cjLXoaJI :^joJLaJl ^1 

jl o' '*'U 

djlxJl { j-& 6^-rwJl 6j!j)!li <dilj Jja JxsC.1 1 juTkCI jj S^rkJl flxa ->j 

^ ^ p t 

Jx. 4^a!iL5 <(4jjOAxll^ pIjJaAj)) t^l^jflJI jLkjl^ 

O'JxUjJI J-C ^L^)!l jl^flJl JujlxC.1 . 6 Jj^I ^9 4jjLj Jj) 1 a nj 4-lx 6 A^g 4 jjIj 

V* 

A ai ^ t IaJ jlu 6 a Liajl lisljl^5 Cul^J t4 x /nLuj^ll pi^ qaxuaJI 6J^J 4jlaJ11 1 
JLojj ^.1 4ax ixl^ll [ 301 j>fl 11 4jjlj^.m,xl1 iflLubl^ .4_uLxiu^t 1 4j^^> ( xaj dilj 

1$ \*\ 1 tJLaLfl^lj Cj\JJl\} Jj-cuII Jj , l.Tk.i.11 Ja.,.vT\-^ua JA 4_3lj_0uuJli t4 „K im! I ^ 4.a5L1 
. 4jJ I^jjULaJ 1 (3 jLb ^jb La OljJb ^)*i.xl jl (6^2kJl SjlJ^Ll \ \~\ > 

Sjlj^ll fl fl AOxil jaaj jJ cllj ^ 3 S^^-ll 6jlj)ll ^u2lj Llcj tLiAit 

jJxll \j jJcilil <^>j ‘ t ILv" t ^JLjjJoJI ^JLsJJ 4 _lj^LajlJI Jj) Ltl 4 -LaJ I 4_JI Jx 6 ^-rJl 

U^b ‘c ^-*^ 0 C^ljl>a jLkjl 2 -iiO-aij jJ ‘Llikjl 2 ;jjJI 3 

. d \ J> 11 1 (]" m -ill i ^LjO ( ^j-^aLHj Lx« t6(j5 » A 4J1 ^ u/n 1 ^ <nfl ^ 


AO 



jyjj 


d.\SLcu d 5 I 6U^J djl-ltC - xxjuj I jib Lojj 

JjU *-a i-fijaLuLo L>Ij *4^AjLjl1M pIjSII fcjbfc ^ajIa d ii»l a-w % 

*ill^ do ia^ II d a tfl'v II dljd i t<Ja oIL> L_il£ La dA-ubl^l pIjSM dLub 

• La iijLiua (3 4 uUQjLlL1I 1 

LuSLijj 4(Jjl mil 6 jj& Ijp-k \ jJl j \ fl 11 jaT ^j 4> Jj£ljJL» 

* 

.LoLoj j) >fl fi JJU La I fl 'mi ^ja i CjL cj-iJa^i I 6 ±& <3 dj^>£-fl (j-ujljui SdC j^j 


«10 <nft i jhn on ilT o ^jCjJI)) 

^Iaaj SjaJI SjIJ^IIj ^^jJI ^2>Lj pLcj^IIj <4.t.<, A a Jjp*j jl£jl ^-*jLuJI oLijlvAl (_£JaJ 

*» •» 

■Ui^AJli ^jaiaJ ^Jl Ijr\!^ v (_£^aI djjJaj dliAj <4 jlUI <_yb^ aC. Laibj^il 

*» 

£oAj ll^cu .1 <iifl\ £-a otaJmu 4 iLafc 4jl fdjjLc. d * a U. \ ^ d vI acl 4\*C I tLubj 

4a ft LI ujaIouj /.aajj <4^uiAj ^jC. ^j^aj 4»jjJ p!ja| j * j) L~ > tdJI 3 dJ j 

ic. j A .yA dA dj jJ ^ jfLy u i <Lftj .Ifl mflj jLn m" jL d %1 a a tl .4 -l^LaJI 

*» "" 

.L^aiaxo 3 5^5 ^>^1 Oil! 3 (jUr%ii*n^ll jj-L £j£ Cj jj)W> CjljAftJI ^a 
j^Joatl lift <jl «I ^ >na\ L. i" i i\ \ dJI J^ajq ^-GjJ 1» 4^mjJbA J iA 4 -IjIaII dj j )\ i^tj 

£A (Jj^LilIII I ^ \ .4juljJI d^ -wj JaLaHj 6 jib jjri.i.11 4 ^aj 3^ -Lulj -LxjI JLa 

£A LsQ Q d_ulj c-jjIaj CjLjLu Ja>j i a K^\j <dAlj ii^jAJ t ^^u JI ^Lj 
A-fl tfl Ijl^ .LAjI du.Aill JaLcul LlAiI c jiJj ^ajLa d^lxu 

d v5- i 4 1 ill.lJlj) V , a 1 a AJ ^bi.l,ft\ {j£. IJ VJt \ jAAU) 4-Al jJI ijjAjJlj 

** ~ “ 5 «» 

. L^JlC ^aujI lr>fl.fl Lit 1 ^uliil 4_AljJI ._ jjLajJI .d_kC^_LAji, I 

j\5l CL*111 3 d_ujj ji.1 o jib l ^ 1 aLaV> iojl jJI Sjlla^JI ijjAjJI ^Li dJ jJ 

M M *» 

Lit L dJ Li^ .(dAl jJI djjAjJI xlkjAo djjju La <JLa (g\ JlC. ^Jbjj djuoUJI 

** «* 

4ocljJl d iaII oL£l£JI ^jA <^-uuuJI CjIjLlLo ^jA JaI^ JaQ.A 

• Ijl L^.tujJ i Ja|^ C. 1 \ y 111 j iLsLXOA ^ib^ < 4 1 fT\ aJ> I 
^ fr •• 

j t \A~\ 11 •jl <*j| .Ija. oia-o j^.1 yt> iuljJI ^ 

~ 

^'^*2 f^La_^! yv ajVwn *,•*•* VO Jyj 

M W W 

dl^l La^ft 4 V Q iPjpAi! £ull 4aJIjLA d vQ v^j) dljjl JuxC 4 \Q i*\ ^Jjlj 

JJAj ^ < <Zi I j IjlLuj^ I 6 jib J£J d v tiAi I I JaLoj^ll 4 La i^. 1a < dj) iA 11 Cjlfl-iJ 

^jib^A injj 3 3 Q dLub 




0*4 Sllj 


0 • 




JjX-eu *4 1.8 mSU 4j infill 4 Lift 4lft ii)JJXjI Lo£ jrJ-UtilJ ^ J Lo JjLfll 

«► «* 

5 L-JI ij^aj jj«J D. J. Chalmers j>Ll^ .<u*. .^j ■ .'^LalS I** -a* U■■■a' 
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«4 Ifl iiill iJLuiiU 4 wAflll ^ j *■ ialI 4^ftJJ «4 jlXjuO 4 JI MlO» UjLlfcL 4 ll"wljjt 

Mi 

Lu^e 1* 1 n> dlift» Marvin Minsky m'wi hv4^p \;*l 1I Joe 4xiuf>J 

^ 1 *4 a^jjll 4 _LLuj_u jCu ^ullll 4JJL> Lo 1 >ofl a t^ejl >—ft/uCtj 

£jU r> ,■>" 4 JI Jja^q ^xj 1» 4_tujOo 4J JSU Lo loft (4^ jJI 4 _ 3 fc^ Jc ijlujll ft Oft «.Lft-ubl^ 

mm «t 

(3 'Tu in j jjq?4I ^LjuaJuII jlljJI £OB \r\/\\ 4l^£ j\£. ^xjl ^C, CjjOsJJ — <<L$-iU-fll 

. 4 fl > 5 -v. 1 1 OjXLjJ Jol <■ 4^ A 4^JLax 

4 tflIVin 4 m aJj Lg->Li ft Oft 4-te^jLxaJ.l ill 4.^.^-^J llLiXh.1 jLuuj 

Ludwig Wittgenstein ^ iLuJi ^jftj ^logical positivism 

SjuuuJL v .«Tractatus Logico-Philosophicus ^tuuUII Jklil j SJLuij» <jL& j 

mm 

lli jUj ^-ft l^lfc iuo^JI Jill ft j„i^.jJI j^o4l (jLi ^ iflKUI 4 » 

«• w 

tju . I ^ \ ft t ivvl^w 1 4 J Lu^jOJ jUI 4 A 5 loo 11 CjIaLvJ-1 ui^J 4ftJ^LJLI 4 t 111 ^ 11 

•• ** M 

,4llLuj (3 U* 4 '**' K 1 fl ^ 3^Lie. ^ys* 1 J_j^q LoLIaI 4 «(3 ft^ 9 Uo 1 JLlie oi 1 ^ ■>» ^3h.l 
^oJI 4 «4 vfl4ali olflifl\'i» 4-ilj^ (3j .4 _j ^jlii Lo ,jr<” ^jjujLo_> *^| dJj ^-0 

4 . ^ m 3 

^yxSLi * l - /m ' JL l fl ifl Jo 111 I ^^o4l ft Oft J^JLuuJ 4(JrS^oLxj 4jjl_flj JlXJ 4 \ ^ V (3 

mm 

4 jlc 4 jI (j-4^5 Ci a <3 LftjjL^i *„4 jI ($\j Jill LLAjaJI 

^_ft 4 JJb * *L>~ ■■■* ^4 Lo _ «4JLa) jJId (3 3 4ljLie aNl ml ^Li 4 IM 4 U JaaII 

— ^ ** 

ftyLA^II £j\l 1 JLoel ojilj .Lg-L& fill! Jill 4-Lfi-LflLaJI ftjLlXhJI ft^jftU^J I 

«• 

Jl {jJa^Lfi! Ojlo 3j^ 4I ftjxdJ ftLul^l (jJLfluL Lo_sj ^jjJI 4 4-j 'Ijy *JI 4 fl * o*4Lfl Jc. ft J mo 
.ft Oft 4.nCV.fl I W 11 J&\W uL^.J gT \ i^> J (3 LskX^ll Ij-UJUUJ Lflj) iM I iB ^jl 


4 . 0 


iji 6^1 li, 




Jl (^ < 3 A ( 3^ ui^* ^jai-klll jiJI C ^-i^laJlfl 

o >liu 4 XLo HJlca \Rene Descartes c» 4 v\> J 4 to ...loll .~,l5 

'M «• ^ ^ M M M (N 

JllJI 4 fl .4-ijJlll 4 tW o* 1 l 4_i^oj LftjlHeL «J ya 111 j| jLol 111 » ft^ ^ ^ II 

llli ^03 4 j^ojjlj Jklil £-0 JoLalJI ^"Xa» ^1 i. jLa I 111 » J*-*- * CijI^LjJ ft Oft 


AV 



^Ul jyn 


I V ^ 4 fl -^g ((*(jLuJ ^J 

-^AalVlJI i<(^k ui-k II—(Jfl t II)) 4-lS» Min t li^J»_o ^ojuoI Lo -o L^hX^xo J-fiJ t ^ flJa.ilI 
4-ijLxil Sjlil ^C-LuJs 1^ J£/i\ jj)fl 4 jjI^-x|j <(JiLc.^Lll ^y* (Jfl * II I*"* 4 xjI£»oI 


fp ^ 

Lj t » 4-flJLfl-aJI (j ^xxj 4jjLxC- J^Li 0 II LfcJ^gJ-x 4 yfllVtll 4 i*\ mil • j^oU 

4_£jJLj Lo ^jLi jJJjJ <4j[jjJI ^y* <3^“°“* ^ 4ilflC. SjXLLi dJllA CJl 

fr c- * f- f- 

j t4_fl_»^JoJI 6 Jfl j ^-a^jl «.J^jxjjjo — til 4 ia.ui\ Lx J — Lo Llxuj JjI jJb Jj^LllL 

6 jl iV-Li ^X^ll 4 j J^aJi ^ ifrlibo^g OjLLj J ^ ifrlibo fl/yj SjLc J fl“i* \ Lxo Jlil SjJLj^ jJLuh 

.dijfiiiij 

6jl.*T>cL> ^1 jJjj ^g .Ojli-iJ 4-o5La-i O^T LajjJ ^^gij u-fl^-uj < Y * V * Jxfl 

LflJiLi jaX-^j LojAc L^flJjusa (Jjft) d < \o a j 4_i jLua c^l t fi^_ijjj 4 rt ,jyA 4jL^JLujI 

S4_u^LkJ1 L^jjljl LflJ 4_>x. I j oliL£ 


«jjfe^aJI (j-o t-fl-LLa-o 1» 4Uuj Jla 

*+ 

^ fl"i I \ .^JujJI j\K 11 JxLadl JJLiliJI S^jxJI SjIj^IIj ^XjjJI 4 uA< Cxjl^ fcjJoJLi 

w «* •» ^ 

<La.jfl il I JjUIIj ^^XgJI {jC. 4 5 v\ v j i ij ^ \ &lilI £-^gl jii <SjxLLJJ . i *fl ^ ^^^IjAjujjLj 

jL. 4JLxu < ^LiJ CjLijhLxj dlLufc 4 jL^uo - 3,3 .4»flJ^ll^ t4£Lj % bLll^ t^l 

P f. 

CjLqJlxul^ 11 ^JlLo i^JLaiJI 3 4 jj.oLluI 6^)-A>L^ jUj £-a 6^)1 mcIj 

4_4jujj 11 6 JA Jjl ^jii^ ((.^Jfcj_^Jl ^jjQ l a 1"-~v ^ p4_4 ju^)Jus jL3j ^0 -ojIj .4_j w xoLoj'JI 

^ +m 4* 

J^Lfl (4 julLxJI 4 u> lH ^jua ^A j^i (3 4jjC£xj Lo a ^jLi^ifiJI ^JLaJl ^ *bi,..'L Jj .i“t 

c- p 

j-Lklll 4 fl Lo JULj^ ^ya ( ^S ^"11 ^J-C 43^> JJ ^\ ixuj 3,3^ ^ ^ ^ 1-Jt II 

j^=k>^j jiLa-LI jjLoj^il ^j-4 ^gj)" Mtfi LJLc ^I^~ LflJjLo ^jlil ^aJLxJI 5 jcLlLo 
J fCi.> / 1 > t JjLojI ( J-C J^sLxj Lo J J. ^ LAHJ LflJua ^ Q -k"i 11 \ ^J 4 


a.1 ^-ol 4ajljJI Sj^jusuJI ^jl ^_oj tSjjJ_=fc-o d ic.j xAjj a ^.JAj 1 flLi <^jLfl.^.ll 6Jfl > 

.^4JclXjouJI 4-i^jjJI ^jLfl_aJL» ^-1^4 u_flljrLc.^11 (J-C-) 


((pljJLII jjLILj duMjiXG 

4jU^I > fl o JLC. 6j jLi j-Ji 4 JqLmuj 4ji^-uluJI oLajI^JI ^jl ^ 5 -^ (^^>-^“1 4jjl_fl-o 

1 44 

^jjLLlu^^A ^ rl \ L> . I p.LxjJ| Jl -V ^ (3 Jjj~vLJI 3 j-*-Lo4J .4 ^ u~\ 11 

M ** 


AA 





<j\ Hal m u ^oSlI o 5 » ^li jr^illl Jl Douglas Hofstadter 

^jA IJtill l-lin ^JLC <Lowly iiljjjl 1 .1 (| /n 0 \ p a (3 *—Lx-uaJI 4 jl!Lj Ll^La^ol 


A tiii > illij £-a 4V\ 1 — ^1111 ^ fliiJJ uj>lkl 1 w«il I ^j£. i Jil l.g ^LjualjJI 

otiljjJI ^ ‘wJjj-a-U ^ L5 Sij-x>3 JjX*. J .«Lla~o i£jU 6jj-uaa 

Vfc 

4 -vj ^ja »(jj' mill l^JLsj ^g*Afl3 <■ \ U.H v ^ 4 h mSlI £>3-4 JlLa ;>jja3 

^ flS> 3 jj^Jq3 11 ^yA 4^.jJ jLc ^>,A.,\„fl <4 fm/jl ^j-laJ . \ \ 5 jmIIj Lj£ I3| 

; < l ^ “ " 

HjJLjua LflLa. lojjJ Jjl « pLlaJI jJlJIj ^yz^)) <LlujJa ^Lfl diJj £_aj .C>L»La^l ^ fl Q I 
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.4 1*1 in*jl 4 ^ H d r 1 > ^ II 


jJalll CjL^j 

1j[ 4ajsl^ ^X. Lft35Ll Ajco Lfl-Jl ^Ja3j LqJlX 4-a-ia^-ua 6 Jj4> ^1 4 ^ 

^ ** M 

£ 

^jjuixj^ .0 JX jlVkll CjL^>j ( &^yQ <3 4XiiaJ1 j[ jLx 1 ta JSJ Ljpaj 

LoipJLsull JjIjjI Unitarian ^aNlAJl ^.ItjH ^a d*3 dilj 

' ,/ « MM 

.Li-LO-Ti. 1-4)lj^ <nl UjlnXL> 4 -wj , |? jJVn Jl£ •_v-U.I1 v ^ «.4fl ia^. II £>J JjlLq UjjJ)) 

Jjili 1 3 n i/Vi j iuaaljlo (£jJoj 4^=-j ul-® J'Hi 
fl Irn 11 Jajlj^Jl^ ^L-uj^II ^ya Lo ^jyuuxAi ^^3^^ L^^ -0 - 4 


Alaflj Lo jaIC qIII 

p p 

4.1 »..&■> La j^LfljJl)) 4-cojXa dc. ^-LLaI La jJcu 4 ^..^>j dll \4> 

^ , 4 Ian Turing 3 ^' - 1 a ^j ^ ^ 0 * <2 

La-ol^j ^1 Lk 1.111 L> n o 1 A «j 1^"^ v v a*C ^IlJI ^ja |\*\ ^ Q31 > 

iJLGjlillj 4 jj^ V7k.ll 4 j_l4» a \1 a" o^J jjj n^ 11 dLsua (_^lj pv£LaJ( (_^jJ 3^5^ i^n.cw-^ ^av£*aJI 
^CjLo 4 aQ irfO,v^ 4-CLi ^Jj) v v 11 Oil inVCI ^j£- ^^*uu-dl ^7* r - ^J. 

jLi ^.1 43L llllx jLl^^jl 3 U (H^iu 

pl^J ^jjlixia Jl cJLx^ JlS qIjPj) i II i"n K IjJ La J-t, UxTj 4,1 ,a t^pj) pl^vj 

ul tin 3 l>^ 6^^' 

^TiVU A-a jJI (J^oLatlJI a ^H 3 (J^a-cojJ L^adaJljLLU 4 r> K fl" 11 Ijl n^l 

^ *4 M 

.4-icl^JI 4 \ . \ is-\ 5 11 ^ja-usOj j\*\ q3.11 ijM 4 \ iimIL .4-i-Ulj 



alll jyua 


e. p ^ t 

jl LlAJJ 44 W*»^aJI 5jJLi ^1 J^’JH (_£jJ ^jlSk 

j\JHi vJ^uj)) vJJj (j 4jl Jrtajj .^J^fljl i»L^j £_xa 6j£Ll j Lila I j^laJLt 

f^gJl j5L<vll \ u> t% S^ 4a^>Jj 4.ftflMI ^LaJI CjUKJI ^1 JaJjxul 

ia Jl ^Ula 6^1* (C.LISIIU JJj <jl 0^1 jr^ ^ 

JjUiJL Ija fJ c£>i^ L>° c£-b <c>0JI jLU^I 4. i Au il Lj 












JajJI 


j!a f^JI Kj^iK^o 4jAu La 3JU> Cul£ tJJj .J^a£.I J^juaji! 

£U_i)^|l <jL jiajJI LJU UAj^ (J-® >£l .lil^ 

(oLSjjjiJI Jlo) qIai mrv Jl (>a IjLj <jj£j (jl Lai (Jlitl JjjLii* Jx. ejjxJl) 

4_xa.l j JjI <j j-lajJI o Cx^aJ JiLfl <(p^jloJI CjL^a Jaa) 4jJjJ jl 

* « 

Lx^jIaS jxljaJLuiL 6 Jib jJljjl JjaJLuU 1.AXU .L^JLi^UlSoaI J jjtL 

I Jib Jj-Aj fj\ (jjJ (JIaJI j\uuQT\ IrTi mi *J <4 juaJoJI ^jC. 4j <u Jrwll 

Jlc) ^£JI l^l^I olJvftllU oj^Lxo jJLl j .^UoJI ^yajalsill 

J vixia. «tunnellng 4 AiLAj» JULI Jxxat 

^ikj JJj <4^4 »i^aJI ^la. (j (j^wLaJI ^xjLa. Jlc 

%» 

.LLa.'J jUj <ja jjjll j^jJLuj LlS^J 4xJJb Jlc. 6JjJtx Sj^jJ 

«• 

4xaJjJjl ^ 43 1jrLfllj »t—jjl.'TwJL.ll «*» I Jib Jaa JjXA,) 

(jl ^lxoI^JI Ja SjIII (jo 4 xujiLujI 41 14 a y£Jl 1^ 1 >15Lla CjJLuu^I tP^-uaJ! 


|XJl) ^ Cul^ (j-ll ^1 4^ 1 »M II) <_£jJI J^J^JfiJL ijijJ& iAJi C 4 IAJ HI'V 


j\L jj»u L^jl J^iS jj .^1j Jrar^NlA ol InT^Lo i U.^1.1JJj v Jjla Jl£. LbjLia-l 

1 ^ UOd \ Ja^iu^ 'Jl ^JL^J J5v m t JjLflJL JIa (^1 Jlfc 6 Jjj^ja 

«• •• 

J-c u$£JI .4 j 2/A1I >lalll 4 -6^J Jl J ^LH 

LbjJbJj 4a£^juA^il 4 j^jjl 1I ^Jr\\ll <* fl ^j uUAJ j)A <nll Jys 4ajl^ 4^wjJ 

Lbjibja*. j iuljJI 4 jJSj^uJI jlVtll 4^-2fcjj 6jlil jjLuaJI ^C^JI 

•% 

jJjlIj 4aa.ljjjlSk j^Joj LaS (jLauLtjj ^CjJI 6jjLua Sjlil ^j) 

M 

«lifi u>i/m J^uu 4-lr\.xj^A 4iLkllj iSjlilj ^1 ^-ualjJI .L^JI^xa-l 

.4liKjLiu 

fJUIJ Sl^lrwAJ f£l\ I^JiSL^Lxa £jvj ^LaS Lub JrtTwNi\ JJj 

<IjrLfl'J 1 jJLxll ^sjl 4jJLaJI jIajOJ ijl ujL*JI j .^oljrLi'JI 

4juxxll ^Luxfi'J <i^jJ 4 jL jIIj yL) *J jl i JjuuaAjJL 4xxu^aJt LJLc. LJL=w yL) *J 

.^ 4 -aiLuJl ^Ual Sj^^^il C^O /x J*\*V nil! \ (} \ v ) ^Jcliu vl> Jjvj 

6JibLjuL) ^jJI (JL*JI jxmfl )JflL*) y> \fl*C 11 6Jj JaJbl jjLuail 4aJlSj 
4.aJIS v_ul^aJI jAaj JlC ^JaJLuxll Lojlc j . t \Vn> ^Jjk^Lxuil 

j Jju dLLuj . Jj J^JI jj^lalll I jib j ^Ia. J-C 4-u.oj^.-rJI jjLuaA 





















(^-olll J\jUJ 


31 j ^ jUa! Sj^^^ll ^31jrLa^ll ^JLaJl ^LulaI 3 I LoS* 

3j? \\*\ < \ CjIjj J Jfl fl 1 Sjj 43 1 Ll Cb cAjrvx> jaJI ^£\<\ is\x\ jiL3 «dJl3x>)) 

«• 

«• ^ 

3 ° cJLIa 3 ^-* y La j\c <Gl£L^o cjuoj ^jJI ^-ILxJ ^-LsLxo Jx. 4.3$ 

.^JaLiII cslut> 


^jl jJ_u .^jLiJjjqJI ^JLaJI (3 4JfiLa-o bc-Lfl^ 3 Aj k33 4 \x& 11 4-J jL ^ Y\\x\ \ j3 

** %• 

3 L 313 Jlc. 5 jyy-A (_£j-1! ^jliil 3 ^ Ij 1^5 n ^ ol <i i m~\ 11 

JjLflJlj <<S^>iyLo» 4xfl 3 1 \ * \ ^jJI fJLxJl ^LjjlaI 3 I 3 ^ a 11J Afl3.lA-a»3a p33 

4_o3 «oLl /n-v)) J Q Q l 6 jj y\-A ^ *3J3 £-qj .L(j_JI 4 _aLxajI (jAX.1I^JI Jj^l 4-^.^_> 

hfl m3 I S^-7v-iIx 11 J^> Jlj^-mll J-iJ-^> ^\x o ^_hxj 1 JXj .133ajfl) (_£^La-uj 3j) viaLI 

M %% » •% 

.1 flhj^fl AjU Cjj) U~i 1 3> i/Ti ) 3 -° cJlxA iilill 3 

t* ** 

l\*3fl3 v__S^-uj j" j vv 11 fl3 dv.Aa Jj^. dtoXi 30*^** Li.33. > ^14111 3 J 

q s .LLqIjL^I ,i '~ 3311 d .^1 A. 11 I 4 J j t«3 I 4 > jJ 3!3 < 4 _id^ Lg-jL) c .^1 

•• H 

Ll5jJjua3 3 ° .l3-o Jl£J 4 i-unlL 3J3-> 3^3“* 4_xlj I 43 I 3- > ^ juri ~ > ^oSlI Llj 

I 4 Jj.Q C. 3 ^ 431x11 j£.LubQ £jq s. 4lr>l Xu k_fi ^-j-u tCjLjl^a-aJI 

aX-J^j v__fl^_ujj 4 j3Lojlj3I 1 CjIxLu^JI ,.\ in^k3 fl^-uj .^3LmVj 1 7 A*\ fl3.ll a^lcl JU^3 ( JlX t ^ ^3 9~\ 1 

M ^ 

« L^-fl JJlAJ V_fi^LU^ . 4_i_i 1 / I >_> 1 L^jLj 
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Cu^ Ijl ^jX-I — JJj la^^l (jl ^1x1 hi ml 3 Jib t^JJb ^X^Jl JJJU 5 

M H H W 

V^U lijji, aWi j Jit j ^a.Slt f’iS^ 

••%«%» M «• 

.4-L3j^J j3_o 1 fl"w\fl311 ^jJl 5 j\ ha 11 6 jjb 3 ^ ^1^33^1 ajc Cjjj 5 cJil Jfl3cl 

M 1 

?<Gt i)OA 32 U Jllo lift Jft .iLoa. . jvput> lift 
43fl 1 /^ I LllflX 3 O \^v n»\o (J/^-fljLl «Jfl 3> Jl ^jft3^w^)) Johfll JliLo 4 jJ 

•• 9 r 

jA ^ vllj i^jjjjlaJiILo jAa \ 11 j t^jlhfl 11 4 wa > jAn \11 — ^^311 Jj)flail \ X <\3 ^.<\ 

Cm 

p y^ ^>o -UJ^* ‘CjIjI^> 5 w\A.3j (j h * il l t^jJl 

w M 

31 k. 3 ^^ c>LJ3!l 3° Jkflll JauI< n3ll IAa plfl 3 j CjLjla 3^0 3 ° 
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if' L^i jjcdr\ il iijLi^l iijj L$il .I4J J JfiLujj ^i-tuxo Ifl Ac. 

♦% 

.^jLuq-J. 1 ^ \ A lij ikJl^il ^cLuJLI 

CujJI OJ-fc CajLS jiLJ .LjI Ciuil i^oLflJl Lgjl i^/» .Aalric ^31L5 Pli j Jxo j-cf^l jjx* 

•* 

((IJjloJI lj«j Culi ^1 ^ ^ j 

«« ¥> 4 * 

.illlflc 3 ^ji^l CuJI Jc II ^UJI Jji Ijl ljr\j£ d3-n 11^0 (3 jj^£g jj 

J .LLbLiiil ^jXr jjluj 3-uj JL5 a 3 £-oiaJJ J-ocx-c 3I J-o^l Jlx ^v> n Laa jjO-lc 


JiLc g-xdyo 3 J^iLaJI 3 ^ t^l 

£-0 <4_a£.I j J fl a JI ^ n3 ^ o 3 II 6*AA J£ jjl J 1^3 Lu&dftj 

f. 2 * 

Jj)Q a U jj)^ "■» o ^cjJ I Loj^ ^ I * dJJ ii 4g£ I^ 1 i x uaj 

«4 

JlU <4g£.|^ Jcdl iljill oli (Jj^fl jiJI jyj 6 J J^.o CiLcj 0^0 


...Ujj 

f 4 jU)|I Li^u 31 Qi^u JuS tilaaJ ^uil jSfl 

dii3I Lflp^a-i jl J^-og ^gJI ijj^gJI ^_A Lo . dllii ^ I a 1J 4JL»^ia dlI aA Q/i>\l 4g| JflTicI 

£jj Lai (4aaal» : jl i*s II Jli Ijl < ?4-kd^ j-GjG Lo 4 >1 nC. ^1 jla^ lij Lo 4 1 * 6^^-uaa 

~ t $ 

j^c jUj LoJjC Jjaj Jua* Jl Ija a>.o jlajLII li| S^j^d^il li-A ^flxi Ja t«LcLa. 

4i-fl-laJI 4gjL3t3.ll CilflLa. laal^j 4 «lL».IjJ1 4.a.aLLo Jl jLaa LijJaa lij S^ujLdn 1 JlA J_A < ji-*-* 
j>o 4 ti> *\ Ix-l^il jjgl^) ^pjv.9 <>dJi ^/ia » (Jik il^ jnQ J i_^i-v.3i<n^ 4 >1 r>a ll ju3i * * 

4jg_>J Jgilj Jlo ^jj^ uaIjlo 4 fl ut'd-fl ^j1 S^lLo 1j_A *4 v,\ a II 4jL 5*dJo| 3 d=>Lag'll 

. ( jjjLl 5JI^ j11343 v-LLflg JhXagg i)Li£ ^1 ^^3 0^ 0^9^°^*-> Dsinid DGIIQGtt 

VI * W 

£ £ p 

^'yv~wI ‘ a X 1 , ijv£-1 'J ^ .d 'r.j.A1 d a \5 ^ 11 'Jj^-w -^. a U II I 'S~f I 

j 1 ^ 1 j ,iA 0^ ^ 

«i 

<^£.^11 >. Sbl glgg^J 4 1 a 3^ 4Aj^Ja Jl j\ fl3fl^JJ^ .ggg^^g 4-xfl Q t li-A 
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<fj>lo Ju gtgjj^g j L i3^ I 3 g;L^:JI ill Q£l U3 uj! li| — Lo Jgv Jl 3 ^ (JLc gij^g 

o If- jrx£ ULa .JJ dlii Jirxi i ^ x loJLJ .LlCj L^pjJ j^l 3'4-uci3 ^s^lu Llil Jfi3cl 





jyM 


O* JUflSH_5 jlipJI ^aJ .L»jUa.| o«*J jt* £-“i 

.et£j <jodiaJU jll Lfe/uju oL^jlmll (j-o LjuajIj LSUoj jglalg LxxLL-ol 
4 a£ jjiu £-103 J Cwmjl LgI£J oUij-L^x LfejLlxL L$xIJ jJsjIj 

.fci}j>i jblil j 


.j) i i \ I ^-ljLoJLI jLt 4_>L£JI (3 4-tj)* >r> oLi^LLlI & Jbfe *Xa 

jjl ^ixljJI (j-o .iuLuju^l oIaIII (j AjjfeLa ~* --j 1 L^uU .£jLxI I^jjJ ^ tl a^ 

.human-centric jLuiiyI £»j£Jx a $2 u j^iULa *u j|jSa.I 
0 

SLojLuj 1 (j\c In,la*j <jjojJI 4jLxfiLjfi s 9 ^C^JI jJbjpa* jo 45'bLc <JLu5> Jc 

*% •% 

_ jxjJI jjjJl iuloJI Ixujxjj . jxjU liljjl lljoJ ji £uxl$JI t>0 *fxi 

Inljlflft dXj%u LflJ.ft (jx JrOU (_£jX.I 4 oK JjX- 0 ljj& ^1 j (jl 

«• «• « 

U£ljj} Jx j*j*■■■ .iuLutaJI ^UJUJ 4XjuJI 6x& li j^C Liil jJ .iUc^xiajJU 

0 ^ f. 

.JjJj*. ( jja jLt ill) j jxl 

4iiiil tc 4cj5"ic 4 j\£1i (a5 xu 2 Udl JjL^ f da~c pi** uia jJ .^LLo 


!*• _ • ♦ i* t» 


4jl)L Lojj — ^jsiudlj ^jlaJI j^iJI 4 jIjj ^j-o 4xfoljJ ^xj 

CjLc^IjlM Oljlcfc JS jxxj — JLx ^Jjjj JUaj ^mhltac <juj jjjiay 

** •* ** « 

.cwnlUl jjKUt ^ unaJI JJ oLc^laJU 6jjfc Jxcauj j^jiu cj SjjUJI 

M ** * * 

LL& ojju jjx Jl >*lg wiin qaauU <j-c JSfyl JLc jl die o jtLLa Lc l-Sj-ui 

•^x^uJI i£jj£jxo£ J hnAlL 

«» •• •• 

L^jI^Lax ux) 4.iAJuaA b^LLI 4jjinfc 4^.iLiii jX- SjLx ^Xk^uJI i£jj£u*o£ ^1 

«• •• 

Jdx^uij ^jLfi t^iiLuul IoIa j^l 4^1a^jx 4X 

(juft Lo JX J 4i uTilL 4xLuj (jlx dloJ .5j-o jj^xLo Jjil 4X JUU Jamu u9jxu 

(JX OijrLSj Lc «JLJI 4 uaivIL OlxLuJI 

4_ul j AjiJI 6jl ^.\ua ^j Lo ^.>1 \\ \ t a*C J OB^uj IjUb 

•c^iii jl 

.4lxflu jl l\jlfc Lc lx& 4jx^fl Io^j jl uaj 





ja jVl JJI j* Jj ju> g^i 


^fclihi^l pli jjl ii 

«* 

*»« Sj^ Ll is** Li 1 5 *Jjul1L 4. *q *s^. oLi^JaiJ I IjLo 

uLJ .1 L j£ {$S* v —^ 5 -^ ^*3 Lo ni (3 t i * ‘*^,3 J 

L 4 L 1 C ^jJrkU ii i i-ij-ujj JjjJ Jaaj £*bj^b cHJJ^b 

^Jll <3 4, 11 aC. vJi^j t*lljjj <4 .a*Vj>U^ aII 4-tffc.Ljl ^jja S L>L 

f. £ ^ ^ 

jjli !j5vall J (^1 Jlc JL. (^Lj ^yi^j ^jJ I j-a .^LaL La^aj 

•» M n 

! jilj_>Jlj (_>*ul£llj o l Infill Jx. “ill (_ 5 jj-a^» 

Gottfried Wilhelm Leibniz j^luJ 

£• 

jiiJ g-Ulc 111 4jl_i AS ^cLLio^ll g-LJtJl /)SL 

^ ** *« 

jr^5Lfi3jLi SjLc. J^njJ I ^ya Ai*> tl»l jaI ^ >li~> 'm~ 

Wallace Marshal JLijLo cH^b 

1 fl 1 * Q" ^1 pLuiSllj aj)Q~ Cj^^I JjLA 4 \ Q v*\ ajf, AI ^cLLi^^l pL jJI 

4ul■•■^i ^“LsS/l (j 


Astro Teller jJj jJLml 



(^lil 


•j'i .jljlxi 


Charles Babbage jojU jJ_>Lio ja-i Jl SjyJL 

.oLojjLi^J <uLol^ <\AY\ (3 ^jj*uob£ <3 4»I »'-».* II 4 n II 

—' c- 

.^jLj 4jun ^JjL» 3^*3 l J)-hAx (JLuj «S4j ^ 1 Lo <^JjIj» — 

P ^ P P 

.£wuL> v_>L=J «!idl CjlJjtAj Lg->Lui-w (^.xrk > 6 jx d^ d j^-s1» — 

^JLxJI (Jt ^3j) v vaS (JjI liS^-tLua ^aX. 4-jJ)_d 4 xPj ^Irw* o £-XjI_j <4ja^JJI dJG _Ujo 

Ll 3»^JjVsAll ^LC d^l^d ^3^ Cxii£> ^JjLjJ ((4 jJjlL>*jJI 4J^I» ^ji £-0^ ' 4 ^ AJ\ 1 ] jJjljft 
^..*»*i.kII S*'3 \k U jj a U,> LjIJuI jJi_fl i^jux ^-ojIjJI 4 \*\ nlfCill 

4jx.^ujJI 4la ]r\ 11 1 v/s^v \\ Ada Lovelace I jT^ ^jjL» d A - j iS'iLc olAi 

M 

Jji 4xLilaJlll ilSlI 6j>5d ojj^LojI^ <Lord Byron d^^L* ^xtduAJ 5j k^.^J1 

4-k ^ijpvJ 1 ^Lallxl ^Jx. O l x\ 1*1,0 1 ^ 1 a"\a 1 


4 <n Jifl o Jjl Cui^ .^jX^iLlI dMjJ-Hj 4-wi jyli 4_ijljilJI 4fll^JI pljrld.1 d-lj & Laj <4JSll 

«• 

.(jJ^joJlII (Jxfl SiAa.^Jl £j\. v^N^AjrtJI <Luj i.\\^ o Cui^ Jj <^JL*JI (j ol-irwa^j 

t4 ?h ojdl oi k\fl~> ^jjc. L~i^ > Cxu^j ^1 £pI (3 Ij\_x5> La-uj^i 

.^La^ll pl^dll 4Ja-uo^i 6 JXt 4_ul^_o| ^jC. Cu ^~j) g-jLd^j 

— d Jv 1 ~v“JI i]^| JL^Lial j^pIj ^jl>L» cjLubljiLpl ( jju'iLfl^! oi-u^j 

^jl 4jl ^1 i ^S \ ,i>^11 ui-JLj 1^At 11 c-ijtJ Jx — Jjx3-lllLI ^ 4»g_»Liiull 

I J^-=w 2"LLi-J 4 Li in vl L^_jLp ( )) La^) 1 Mcj ( ^5L^a_> ^ d J t \^~ I i 4 JSII qL>1 

^xJI f^A 

p ^ p ^ ^ 

> 1 .*1 un LoJI Ij^q ( jjj^Lp^1 CajLq j| (4jjjL xjjLo 4jL^j jj-u^Lp^I^ L> 4j u2>£ O(jI 

<4jua-j jjIjjJ ,A v.\^v (^jyA 4^J)1^ ^ ^aJI 

4jlij (J-iaP^ . ^.1^ Al I 6 J (j 4jjhfl_jj»JI 4jLaxajuaj ^JLc. «Lxfl d ild^jJi 4 JSII (J^oj^j 

M 

r .^ < )jJ)JLl.l 4lp ^ AV ^ (j ^JjLi S^lia* uj|j i7i^ .4 jLl3. (J I Jjjl-uj L^^_i ia_2 4 j| (JLp 

p p p 

J_ili JjI jl » ~w i.I jjj jl—^fil ^ (^ji—jj Loj 

goj^ Howard Aiken ^J\ Jjljlx <u^jJI Mark I ^ djU _ 4 ^ojJJ 

p »» ^ ' 

(JLS^ 11 — IBM ^1 .^1 ^LaJL 4jL-dLa. 

^ p ^ p • 

.((J^ulJI JjX d-lalx C.tV\ I 4 a-uj i^rULxuj^ Lu-uaja. < j!iLc ^JdL» ^J» 

U^- f^J3 '-“XLu CACjrtdLo 

^ P 

g-oLj^j 4 J j}.\\ La^oaxLLd dir® <4 x-loLuj^!] 4jLcj^CLc d^° P W^1 






jJI JJ 

^va^/LJ \\x\\^ iJo^^jLuo <. LaJIcJi <ld I 3^- Xi - i <^jlj JjJju 

p 

.^jikl^JI <JLxfl^J1 (^ cIj 1 i-d^ \ I ^jju-loI 3 -0 4 4 mflj 


^Lo jjjJ ^^ 4 in IjriLrw.\| 0^1^^ 4 <P\ vS (^ L»jjj^l (j-o j^SlI p3-?^ U^ ‘ N *\ 1 * ^ 

^ «* •» 

■r^Jj L^jjJ pL> II ^oJuil^QJ oLajl^L j} I pLgAc Jju^fll 4^lia_ljrJI ia^LaJI OJ.ui^.J 

£-© 3 -0 3^ .4_uUpJl 4-t^*\ »>« H 5j>g All) dLfl Jj 3*I u -6 £*-*-> U^ fl 11 &jL»iLll 

^_yd 4 Aflll 6Jji (3 Jiufl 11 ^j) 4 j^ aJI SjJojLiJuJlj 4_uli*^l 4 _j^_^JI ^JLclS 

g-jjj-U (^ ic^-^Js! CiJolc '^“^(}^ /j£- IjjJtJ Cu-uil ' ^ .4-0^1 \ Jjl 

3 jjL ijjjijjLfc j 4 JJI 4 JI 

3-* jJL*JI j Jaaj Jjl 6 j^Gj 2^j>* 2^*-° 

o^!l ^-uj^ 11 ^j} <<a 11 ^Ltu^ ^-ujI <Robinson 3 ^ixu^ «■*I 4 <ir_ 

<(4al^li3 oLJT olj J-« o^I ^j) «Rube Goldberg uj$j» 

^-OAJ jujliuj-dJ Cx=*Lj1^ <Ij_&L> La^La-i 4r .j r> ^ LI 1^J1j>_Vx^ Jli\ iWI C 
o’bi.jk.c 4 -aLloLj) p^^ ^1 1 jjlAaj JjLI^II iil_Lo| £^3 .L_kji_» 4.^,^,11 ^^GJI JjLtuj 

pl^j j.G jjj\ t ^jJ «Enlgma ^3 at V11» j\ o ^>.vl 1 4JI 4jufll_i^il 

c 

Xoiclj iColOSSUS ^uLtU^J^^ ^ dr- 3 4^i_S^jrl^JI 4"V JU\\ \ ^-nt-U>l i « 

4_l!iLa^ ■ ~NI ^uuj ^uLto^J^ ^LjI J ^ ' ^_Cj; ^La-i^o ^ Q 11 ^_C ^ * ** 

.pliLJI xujlJI cj i j l I 6^>.g.i7» ^ JL *° 

«* 

^Loj)^ ^ 11 u-jjLa. (Jj-lAiJ I ^ _. i-lWvi oLjLtil p l. \ ^#nI 3^ 

jnJlj ^ i^jLlJI Cj IjjLLa L^ ^x> ^jJ| 3^ ^ ji aJIaJj aJ-S i 4 _ijL1^j_/J I 

^jJI ~>1 ^J t 9 11 ^IjjkjLtol (^ 3^-^ tCxfi-ui^-il >a2 3^ (3 tlllj 

p 

Lil^ 3^ 5^-fl-AJuJ 1 1 Q 3J) Jll i ^ (0 A * 

.LijUslj^j 4^^JUa (j jj)fl 11 3^° 4.)5LLU 4a^-^J1 ol^lll 3\5 LcvTJ 
3 ^ 5 -J <4A^JbLo 4 jaIaj JjJLSj jJ-C I-iLaic!j 01 \ 1 r\ \ fl 1 IjJaj I, \K £hj 
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iiLuO^ILj ^jC. LSl£ ^Lm^l jA*V CM 11 4 11 r,c.,j 4juug^^JI 4j \i\C. jj^j JiLolJI 

P v p 

^ (3 XU I t (JLjlS ^3J ULA^ Jjh^ 4X-I jruAl J 3 4jj*l^^JJ 4_t j ir> j.l 1 Jcl^-flJI Jj-A J-U^ 11 4 -lu_Lxl) Li JJ 

.tlf£ jJI 51^l.rk^a ,jLc. SjjJ^JI 4.\,,k.\.fl j 5j5l tlI Jj)II 

‘ ^ 1 ^j) <((S-1 ^aJI^ 4.i/uu^ahJI 0^1» Q^Ji N * aLc zxi^JI 4"t-v * 

^yA\ j <J1^J» 4-a. \Q*i11 oL^-jNJ ^J^L^jliJI jJjLcuJI <]l 5*il^-1 ^V 'Jj)" s 

^Jl j <4 ix \ \lr>H 4JLUI ^ (] flj tjljJLlI jlAJilj t4^j^/^.il^ll v_jLaJ^! 1 
^^j^-aLto J-l&j J 4Aj Jjl^ '~^ 4il ^.OIjii Ai 11 J^3 0 <nlill ilr>JL>^ pi 

.gcJjlr> *7>1l t-ua.ll 2 ^qLj^j Jjl (David Champernowne 

tSjjLmJI JuJUlJL ^y'x 1 \ d t /ijl II Joj)_£Lq <1 wa's All! 4 jLi^ (3 ^JLi(J^ 

jjJcuj J^lj-a Jl ^LafCll £jjq tiijLxJI oLaU~u>Nl ^ya £-uj 1^ 3^^ 4j jJ 

J^k. 4^ufcjpi La ^£- CjLxjLuj uJLaA II 

«* 

.^sJljl 4jl j 4-xLiuj ‘LA^J^'j JAC. j £a».>j 2 jjSj 


4lfl,gj CuL£ 4 jt mil 

Ij^JUu) <jl L 5^-^ 6 /o£ icj^au ^jLflUJI jLlu CiL iIj-lu-o^JI JflC j 

^ulc .JLa. ^1 Jx. 4-jj),*, is\ 11 JjyLtu £uil J-ac 4 ift \ \ l_A 1 .miVnI JjD 

£ju> .4ju^ ^ Allen Newell ^/Jl ^x. 1^ In «^a*jl j ^5l\\I N \ o "\ 
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^aUU I ^jUvIl a^ul<ulc. 1 jSlu l IX. J ^ Herbert Simon o_>j>aj J. C. Shaw 

JjLuII (J^xJ ^UJI 4-ilc jU^I a 5 d i.t\ ^ \ ^ o V iLogic Theorist 

j JjLiui J=J (jj IjijJI cxxJI - Ty.5~ 4ai .-.^.w~„, lj ,(General Problem Solver 
j gr 0 \ d JdU-^fl 11 I„i4> (3 Lfl'^ L°^ *<ill .qLuALjJI 

^^jLS JjI mil ^wLaJI ^ flJVul 1 Lrax-aljjj .4 mfl*d 4 j 11i i 1 L> 

Bertrand Russell J^l j i±a>LuH\ oLj>tlll jrdiSJ ^1 ^ J\ JjuajUI J-c. 

U^jLi^ J olc^u-LI J^w Alfred North Whitehead AhPj b J j^b 
4-^.a 4 .vi. A jiJ UUj dJj J Leu \Principia Mathematically I 

p p 

N ^ 2 A ^Lp tSa * (3 (jj;o.> <n (jIill £;l=xiJI I jji^jl^ - Jj-s JLxs 
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jl d]j Jl uJL^j <jii: otf (JL*JI 3 o ^ 1 u! 

iu-\ mi <^j_>jJaJI J,vfll fn11 3 4a ^ icj-«jLL» jljja 6j^j gLUl 

j<\~\ mi^ ^.(C^^-uluJ! JiL*Jl Jaa£. jlicsa {J -0 lajjLmaja l^.A^o Jaal *1T\ ^aJI P^^jlI I JjUaa 
gtajdi All 3 gJlsJI JJoa N ^ /\ (^3 <_^^) o|j)*i <‘> yvii£- J^lA. 4aL) 1 \\\ 1 1 p^. vil 

^ p p 

j-C SjjLfl p'^'JI ^j^CIiau» \ *\ AO <*lc. 3 4ala 3 j)o \ to laaa Ji 0 .C Jata^g ^jjjlu^ 

^ ** M 

J-o ^Jlia Jii^l Ja5£laJla plp^aaJI 6 JL& pal£ ((.fcjl- 3 *-*! (jLujj^ll g tWimi Jaa£. (_^l jLaha| 

.JaJ^JI 1 \ U .^^1 p-lSljJI JU^o igtaa^^a cjg^aa 

^l^jJI 3 (J^3 <Jla*Jl p-fl^Jl ^aa* ^<3 * 1 J> >0 »o (Jl ~v.ll Ijib JJa 

Deep ^Ja waa J gjafc L 0 ^^- ^ ^ ^ V 3^ dLl J Jax> g^ala^Ja 3 ^C-laia-ua^ll 

SjaLu^l jl>. 1 Jlc. 3 JJoa j p »pc- 3 ^ (_£«UI p^^L-ujI^ (_£jL=*. Blue 

< JL^ ^1 J-C ^4 i^tll^aa ^1 gGjJautuJI 3 4-1j) L> * i_j-*-l gj ^la-alaa Lo J^ (j^ 

Jajl ^ ^aal (jp* 3j - J LaJL I ,\i x \ Jlj>a ^1 laa'jSl pl^J Jl gjl <JL1 J j_±' st *3 
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4aL^aJl 3 ^-fl^-uj ^ftlVill Ijib 3 -0 Idal AAjcI ^jaLfl t^L aaa J ^Luaaal 4 JuftAl 3 Jl^l gj 

«. 1 ifl > 0 -^-)) pl^J iaLWla 4a rvua 41?' /n\l idla-4 pan J 4a 1 

M «4 « 4*‘’^ 4 ^4 

^aJl Sja-a^l iiLua^l! 3 j^^Lilajn^ll e-l^J-U JL^ll Ija pLuaa-uJI 3 

++ *>• •* 

^ ^ «. 

jifl 4dlj-lia 4-^ak.^J LfLfljj d U. ^ a ^| 4jL^_iu5 ^talalJl O^L>.^ ^ \ ^ 0 * 3 ^~<3 31 

Jaa 3! Daniel G. Bobrow jj->^ Jj^U «Student *_aJQ=Jl» gucG^ ^Lki^ul 

C>1jLlL>1 3 ^ Ja 'v (J^ 6 frljl Jl-®-* ^ *4a-*aaJfidl 4 t J, i 1 *N I 4j»JJG 4a-o'il^JI Jain us 

Analogy (> p-lj'^ll ^jji fl\ ^.ia^jlaJI 3 pLu-dila^JI 

<4 

Ija^ Y .pl^jJ1 pl^laaah.1 3 B ^ulaJSJl JaLuaa J^J Thomas G. Evans JaLflal^ 
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Edward A. ia \$ .4al jjl^ j| 4 -ojaa^ DENDRAL TV ^^..Iwl 1 JL^-o 

4jl11I I juj >r .4aal j^ll pL^^il J^ 4lual 4al^)ll gjUwJj ^Feigenbaum 
^LLlualj t Terry Winograd al^jrG 4a^ ^111 SHRDLU g^la^ £* iyiaaUI 
N ". 4ajJl I pljak^Jl ^yC, OP^aa PaIj La j % £\ plj 4aJ)ai^a[ 4i.^av ^1 ^ ^ fl 

^aa£.l^ (_>aLaak jaa J-C e-tSkjJI ^jja ^ Pj) (j \r> 

^j,.[ fl’vll 1 >A (L^alc JlcjLxjluj ^aJ 1 4aa^J\£J^ll plaj^JJ L> Aaa caJLiJl 3 

3^ lAjrk * 1 SjSadl gt-olj^JI jLflaal JJ Ji a.1 I Ij-A 3 J 3 ^^! ^-aL^JI 

i i nJa 0 11 t'ti IJ — J1 fl \\ I % t Laaa ^ ^ ^ a I^JL i 4-Cj J-aUoJI 



j^qLLI jyit 
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O Lwp m <1 IjljI (jj\y (jj o^al (jlj _ Hubert Dreyfus ^yujj 

m <M 

. Cj IjJ J). \.\A\ 11 (JJ^ 4a t£^ nil I i_iaJ ^ j} IAA Li Uaa 3 LujlJ^ I &j Lg-O 

i4aa^L»jJl CjI (Ja-o — 5ijUufc L&l^ la^ ^aJI Cj^^-ujlU £j\aa^ 

<4 Ifl to ^y^ol — i_.lL-J 1 j pla-aaSJI (Jaaa O^jl ^ o (3 ^ a Q"vlij tSAjaa* gAj In m» olajLxa 

CjLlLoJlII {ja (_S^jI Sac ^jC. L^aC j ^.u Aaja ^a_11 oLaaaa-wjJlj oLalaxuax^Ji Aaljaj) t v3)1$ 

oljlgll Sj-LxuaJI g iA. \j<^jhO £talaj cl UsrN 4acL£ <*jJL*-1I 3 <JLxjI^ 4aalaJI <3 

^j-ujjJI j)l <4Ja-flJljj J^jjiaJl Ib^joJC. ^ya 4 _llloLSJ 1 3 ^1 ll<c^i ^aJ 1 
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*j*n A i4-J« O^JLl I 4 a iv^ t > 1 a < u 1 (2)C jAaAa^JI 3 1/iM l_£I 

•cPGJI 


^ ^ J Q ^ r.r.u.^l *l£j jUaiil 


A A^-Ju 


4a^.^jo ^-o (_£jLaa JaLuia 3| ^ r . 1 \ U>.x>N \ pl^jJI £j l a i\1 a* II 

Jjt/JUl —*. i jj a"v 11 1 ^ a^ ml ( *aa^ SAaAaJI ^CLalra.i^a^jI pI^aJI CaL^/^ 

iLISP >_a in.v.1 ^aixua ^a_!1 l-fl~ ^ \l^ t 4J1a aJl j\sl 4a^_fiJ 1 4a j\ i.ufl*t 11 4it 111 ^J-C. yUl I \ n^v 
4JlU ^^Lr^all (J Atfl 11 .4a-CLi^cUK pI^aJI ^jI^A 3 ifijJLo Cul^ ^aJl 
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Iaj^ t jLAc Jjufl A_> (jl_ L^j |v 1 a" aN 1 oJlx, ^a -11 ^x .1 \ \~k i.^>^jl p-I^aJI ua-<JtuJ 

^ 4-i^k1 CjI^^uuJI t4J ^£. pI^aJI Jl % o 

(jjA 4_j^jJI^ i 1 *ii^ialtl^ 4aj)^ 11 4JLUI JlC a>» nUll 4JLL1I ^_fl 

^jC- pI^aJI aJc (3 *Aul^ I 1 ^..l 1 ^ya Lfc< Cj^1 

14 ’ M 

. JLJ.I Ia^J SjAail <Lo*^L&JI pLaaa^n 

oljJna ti C\W ACC V iiz-iii* (Jj (6 jroS SaIj 3 aIJ J>^jII pI^aJI oIa ^\ jLiilil 3 I jr^c 
SjAli j 4a4 *\\ .^s*wl olilia ^A^JLma ^lSa 4..1r>.,<■>»l^a 4aJLLI Lu 1.iiun jya IjrL^-i laA^-dt 


^)1ja 1 (3^° La>c^ ^-LluJI j 4_Lojl11^ CjIaa mJl^g ^I ^I^luI i ^_Lfl <<_AlaSlaJl 

pli-^asj\J ^_x£i^a P^riJIj ^aaJI CjIa^A^ ^lg>< CAal^ 3^ tt_i-taaxA Aal^aj) a^JI pl^v a m > 

j^jlj N *\ AV ^Lc ^^ /jNI ^^_tu ^ oAa. (_jaJ 1 ‘3 l^-Lu^jl 3 ^ 5 ac a o ^aLoj 3 A 

3a jl ^- llu ^ 3^ 3^^ olyA*-Jl^ .JjIaIII ^aj%uJl JclcaJl 3], a \ * j a^ 3i 

3 CjLijojjIj^J^ 6A-^-J 4a^ulall 0*^3AatjJl Ca-v"* i AA^ .^jLSa 3 Cjl^jlx^sI ^aaLuul 

.iJSjSdl ‘ xA^a 






4 ^ na 1 ^aj^ \\jc\*\ II lu LfLflja* la EKG i—\ lfl II i i<nl \ *\ *\ • Ja-o 

3 Jaju vll ^JlC *Ll±^I i*n 11 4j^JLxI 4a^jJI ^uaIj-JI del <iuj 

(3 ilal^aI JlC Jaj 3>3 ^aJ l 4_>j^ l-%.l I 4-xu JaflJI 4aafl j ^ 1 /I i~w ? ^LLa^lj m-vjl 

Sjjfr j J^^SLxIl jLflZLuulj I P-LxjQlJ^JJ 6^1 a. A (JLoJLa-OjLa jA-fll fl X II ^ \JCi UiTVI 

£, 

jJLo SpIjJLII ^culJLj (>uLu=Jsl tj *.aj SpIjJUI S3^-=wU c4 iCVII o^lSlI jvac (j^o 

^U^oSlI C)L3 ^jjjJIJ ^LSLli Jx: i_flj-xlJI Sj^-=wl JjC.Lxu CjI v\ laLaaJI Ja-oj <ol u\ * un II 

(J cjUIx.1 ^^Ua 
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Lljlj ,1,11,1 II JLaJ.1 (3 Qjfl In JlS iflj-xll j^xc ulcu^ j>^al Lojj^ 

Cul^^ . \ ^ ^ ^ gtalaJI 3 ilSlI 6j In WI 1 Sjla^J j * flJl J^!l Jtall 


^jj-flJI 3-° J^^ll J'^^9 mil j>ujjtaJI ialja 6j)S II 4_ixuLu/Jl 

l$a JaH ml Jjfl — ol^U Jl^ 6^5^ ia^-JujJI S^SJIj la-fl I j * n 11 — (ja jAaJ I 

■n 

4 * \ \ In CjUjJjlU j-^ 2 lC jH&i In A OjAC^ C>1 ini n j<JI dll) J- 2 » JJ 

4az*.^jj tjlaJa _ia ^ I JjkUxij Lj i fil Juk^l uaa jJl cJJj 4, R jo I 

O^^^a^ja^ 4a^jJI cS)i\ iy ^ iJaLaa'iJI jjLc c-fljJtaJI^ 4J^J1 4a J)j ^ I JzaILujLj 4--v. \ i«Nl 

oto^lxl I _>aLL=^o £y> dllj _/\Xj i ^VfiLmjJl 
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<4a l 4 \ \In IIj .ia^u^JI — laalaa^> 4a^l 3 4a^ jJi J 4 oaaI jG J^;l 

IjLo ‘(Jjuo jLc oij Cj^LLa l^fla (JJ^a uaa^xJI ,^a — 4^mlaaxJI^ i 4jJLI 

*1 Jz*. I^uala gauL^a j5 4jSlI tgtaa^^a l^_i Liaa Sja^Ua 6JAj S^claJaa^Tjl 

(jxilaJl ^j\ J-v CjLo^JjlII ^xaLflJ! lajl iS\\Q I 3 6j^a^i 4_2k^jLi La^o JlIaj tljzak. Laa^j-o^ 

»4aj)lna»ij>a ^ Jl5 

4 i^JI CalaaliJI dila J£ 6j^-Lxo 4alc 3 dUj ^a^^Ja 
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Jaia ^JlC EvQ a Ja\U 6J£- dllaA 3^ CA^ lI ((^LaA ^y'ud L^al <_^jrA-fl-LI 

^ 4aaJ^J1 Sjt\_Lzl1 \ Laaalc 3 IjaJji L^-LoJal 4a^jJI laa'jl Ca^-aJal .^JLo Loj5 /<ia> 
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:NMv j»it .Ln^T j ti^jJi jx. a^*iJi j LiLsaJ C r ...;• 24;^ 

I Qj t ^^ 4 i\a,MI LijJLaj ^jljj Li^j l$^Lu <J /jl Jx |_jl <LlS j !*>*»*> |_jjJI (_£jJ>l» 
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4_> 4^j)li*» j\ mfl"> lV* <pl IjLfl p^ulJI I* ^jLaj l a H.o 

%% 

Jfl 9 iclLl ^a.1 ^js\\ tl) b Ijp j Lq (_)S^ <7> J fl Q JJjJ 4 c-H U Li ^*L<v*V \ 4jl ij >x" 

((. 4^j)Ln JX-11^5 111 I <7tl t 1 q I 
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4jl J^. ^p-l\U.^MI t-l^jll Ellaine Rich c^i 1 * x ^ ^j£ jj 
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((.^njluJI 1 (j \Q vie. p! v 1)1 (J * Q~i d>l^)jj) \y\ < \ II J % 4 ifl \*s 4-xuljJ» 

4-fl-btil Ijjl pHUI JH^o (3 4l| 
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i3 4.vJt,jun Jl C/^K ini I * nvll 4 jL* (3 c-HjJl .HoLot 
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iHLoJl 6J^_> Ha — 43^5 
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JlLcs 5jl vO. ) ^1 «4^^ji_o J-»-o ^1 £j*juuq 4hii% ^ \-lA V> <3 ^ Q.l-1^11 

ft ft 

.6j-ol {jC. ^ (jjjJI Jj>\ ^ 1 1 j I yJ&A\ 

Joseph Weizenbaum 


t ( jLuu*^l ^ u/^> (JjLa J-uj 3j. JjIjiJl1clL» 4_>LiJI (3 Jjlj) ^ ^jjj j \ fl 11 

<_£Jjv1 ( J*C. J jcC\a \ 4 \\.i i^g>nfl\> 4 jljI frJ ^iil £-51^-11 *^l» • (_><-> jA-fl.11 

V* 

Edward Fredkin j jb J i 
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.4V\ am 6i.\fl » II pLi-tu^lj *4 Lfl i,u 4 1^ mi xJl pL\ <lu^|l 3 »_ 

Alan Kay 


<Ul£jJI U 
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Lq->j^ .(^jLLI jl pIjJcJI ^jc. ^1 *Lo jljiJI tplILdl ^.JiAfrJl oJ^-* ^ 

tj) frill (3 cJljrLtu^ll Lq-»j^ .Lo j^JLuli 6jLj| jl <4_»j^JJ t^j-ual^jJl jJb cjjfrjl 

plj->l i^fro-tuJl 3} ^-*.mJI lIUcJj cJLuxa^II 3^ ^ t4jufl^ Jlc SljLui 

%% 

3=* 3 JLJ1 jJb Lo!^ L^jualj v-_SJ-frll Jj2 ^fruo^o 4_iLa^ jl <4 d^fl 1 6^)j) is*\ 

. 4 JUO 1lj d V "v i^ u3 J ^ jyvwL 1 lyojtj ^ 3^ J j^s ^ I oLuoLj 5JL^o 

Lo-» — JiLo^ll j).^. J1 ^c. j^l^fril aIj^JLujI ^Jlc. S^jJLll (3 

I M %• 

oLfl-»j-*^iJI 3>L* jj£- cJLv^j *v_iljjb^ll 6j-A JiLo 3| (J^ju^-Ll — cxfl^Jl cJJj 3 
R. YV. Young 2^^ *^-d_ilj .jl J 4Lukoil oLaj^jLlIl J^»lj <^^-^.*^1 

ilU. 3 Jfr® 3^ <3 ^IKMI Jq x 'I Sj jJb t-l^YJl <jl 

.s_ijjjil!l IjfrJ LoLoj 4-<ij'!bLo Lclla g-jLillI .wunj 

M M ^ ^ ^ ^ ^ 

i Jj) toll J^G JJ£. 4_fr^.l^_l t4 mftjja LiL^l j 1 4 1 I 1^> l^lA. 4x. j*JUlX pl^lll V ^ 

1 \ 1 v^lj <4 jLu1 ^1 16 j\ \ 11 SYilj jl t4_i^Q_LC. ^1 <i5jL^. e-lSkjJ! oUwIIg 

^ t 

^^jjl 3^-11 ^ nTl \ - 4^11^11 CjI s 5^-11 6^d.n» v Lfn*d 4JL^> 3 - 

4. ^ j i,Ul 4_2 J-ucJLi 4-> u~* I^ii 1 \ ^11 £x-Hj JlSj <CjLoua1I 6J-A 
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l ^ Y> i d^> > j j 1 "^T** 4. ^ j 'J j)l-v Lfrj Sjj) is\\ o ^ 4 \ fl ifl ^ 11 4. \5v jJI 4aXoJt 























& a-> 4Ia..ixai 4 * v 1^1 JLufc Ci m > 1 4jI 3 -° ^ <4 fl J^ixa 

.iiAaUJIj 6JQ * II pl^jJI 4 'Iac. 3 SjxLla 

4jS 3JI JjLtuXI <30 £-^ 1 ^ 3 ^^ 3 ^ _>o^ll 4_3.1*V~t \ La Jifi <LL^ 13 a ^jl ^JaljJI 
L^jlj Jl=v 3 jc -^3 ) 4juuu^aJI <30 d r\^ iJs CjLcj^.^ 4l^wm 3^° • J-J La JrLUuS.lL> ^j5i 

** mm W 

£■J^aA 5Jj 6 ^^-ucu 3 ^ ^ jvlx g-LojP ^*^$1 La^ <4.1^ i m \ 4jJax 

«13a 3 [ ^ ^ 1 C^LaJI (^<S*,-i 3,3 <4.1^ mil <30 ^jLaxj < (3.1 utj^ 11 £j 3 

.&!£ <&■ Cud JJ 2_colj X=Jj ^>*-4 

3 ^ 4ai dlliA Jjk S4 K \ u.uJ 1 j-ALclAJI ^1 XaJLmLj Jju^j ^jl ^ IInA xu\ <^Ca ^1 jt 

SI 0 ilc. ^uSJUuuiJ <4^1 j ill >11 u-uJLlu'JIj LflJia {JaLsLLlI <Jfl m \ 4j^ 3JI JjLxuil 

mm 

4 ~ P 

3 «4->l (3 i 11 3^5 .4 juuuI^ 4lLfl 4l"\ \ <11 \ CjLjjI fl a \ 1 1"* 1 ^!lJl JjLujlII 43fl 3 I ^ Jaj^ 

*4j ‘(o^r^^b cS J ^' uJ^ 3 ^ ^H) iiil^JI ixuj^Jl 6 ji 

4% 

i„tt La 1 (JjLtuil < 3 ° JikJI dllA 3 J)^ mi tgti-ui/'ill ^t_ia^aJL> 4rv.tru-u^ll ^ u/%11 

J^-xoj ^jJl 6jL=h^il * > uni1 4Jal£Jl 4Xj-o^-li ^_A La :4JLuJ,l &3 a pLajlLujLj Loj^ .L^_L^ 

4* 44 

•s^iU uulJ 

f. f. m 

4_>1jj Ljljj J_flJji tpljp < 11 11 ^ya oljLia 4 4 1 ^ JULJLl 6 ^ i^LJ jj)Jtl‘ 1 J 1 JJl^. 

.J^Sx. 4 n i^S 1 Jj'iL=h. JjaJull ^ (3 \\ (jl 0"°s5 <Cj1j)*> mil <3-0 u-fl^ll 4 » i^S > 3 Sjjlsl. 

3 ^ La 3 Jn^^ll <j-a JjJhClj Lfl-^ljJ <^jL> Lajbfl jLu^JL^-Lj ii^-ua^il g_ii>Llil tlLt 

«»41^ in gjLaj 4 j^J ill ^.1 u*> 4 \ 0 & » 3 1[ 5 JJ-* u-jLliJI IcA 4 _iL^-j 3 

^..>■1^X1 nl 4_AUjLall < 3 * 3 il£ > . i juS il 4_>^5 i^ 4 ^ .Alj ^jLaJ 4 -XjuSj Jx 3^ 

'i s * .. vi7 - ~ . 

£-Lu£U U 


*4_>^J O^T aA usd i’jl LuSjI Cxi I 


PUUuu AK /ntl jj^, JaiLfi :4Ujlj^JUt 4 jlu^JI 

jL^nj! 3 Sj-xia 4 1 1 nrft ^ax mil <4 u±£u Ti mi > ^ii> ^-lj^.^11 

Jlc jLuu j iXJLl SjLAil ol^^l J£ jl <Lo ilLal 5XJ.I J^LJI 

«4^j^. J-uSfll 3 ^^» LvaLj^j 2 _uSj — JULI Jjulxu <Jx — gt wU, /7>H 4 -UlI 3 

ilL^JI <30 4V\al \ (J^ 4-ajl5 IJxij <4^^^. jLu^u^l 

CjI^j^J 1 3^ V-xlj^-*iJ 4j>! Oia. 14K Aiall JjX^-aJI ^->Lj LIa^ <4_>l£jJJ 4Ax1j>JI 






guoLjjJI p^uIj J3j) <4 ,\ tJJI Acl3 iSj-i UjLlcI j <jl 3[ ^IHaj 4j£j&1 1 

Jlo 4 ii<aljrLfll 4 jl5j t4^j^JI 6ll-Ckfl 13 u>Ja * A£ Lo 4juubljrLfll 4 juSj 

ItA^ 6J^_i LLxfl Ijl^ I % /s d U a > J.S Lo UjLScI 3 1 (jl 31 ^ 1"! 6 Jj1> 

Ji:I» gojLij-i 3 ° « 4 ^^k. (J lAfll J^ijl» 2 ^°^ 0 ^ 10 U"t t i_ 11 .-^. < jjcT\ iull jljijJI 3*^ 


(Jij 4 j&jIj 3 gt_>oljJjJI * ^ 1 J) ^ 11 J iAoi jl w'vl ^4 ntfl\ 3 ° C ?0 3 ^>' 

.i\ a^A. 1 4-a.LlLI 4 ju3Lc11 CjI^> aJI 

1? 

33- 1 3^^ I J tfl't / n^l I \ L’tlrA o <4 jjuAI* 3 ° <—JJaJI 3 ^-ojLuU 


ol^ jsJ\ 3 ° ^Aiais SjJ^-lu 3 ° J-^ 3jj 3 ^" <jLtIc^!l 3 L^bdifc'd Q-fl^W LlijJ 

4^^j=w t. fl <*Vtl KliA 1 3 *^ 4jJ <^u /3 j).o til 3 *^ (J^Q Ij-fc .SjLi^il 

*T ** 

. CjI^J-O ji'A-v 4^tUI oLLaiJI 4 ,,VA^ 4 Q f_ I . An 1 3^^L' 3 

j^ill 3s Lfl3 j) <4jjlgJI CjjLcTt^ll Sj-2k_ilj culu>3 ^j 4) iijIjiUI 4Jua^JI ^l*tfl a 
NL511 1 Lujj^ii-Q 4 jl^3 1 cjJj IaI (SljLJLl 3^ 1 ji> 3 j .4_jIfljJI 3 Sj^-uJJ j 3 *C v 11 

wile SjLail oI Sj-^ si* 3 2 -^ 3 ^ oilibl guoLijd-l 3 ^f <3-^3®^ 

^=*.1 jtvajuj^ <(S^3 h-jaiJJ ((terminal leaf 4jj^lrJI i5j31» 3'^ s 3 5*t 11 6 aa 

.4^qj3^JI 3 ^a\1J ^LclL^.1 4j>. jrtill pNi Q \ 11 
J^AcI \ \-w a£ Cj 3 ^ <41=Ja 1U go*oLiia JS J^cu^Lj Loj_iej 

4jjJ 3 ^ (,5^1 2-^3^^ 3°^ ^3*^ d <4 JjLiJl 4-JLaJI 4 _juSj)AJ <GS3 4^j-^ 

. 4 a. ul 1 1 0^3^ 

«gi 3 xiJi 3 3 ^ 113 ^ 3111 iijSUi ^ 431 ^ 4ejiijtui 43^1 

«• ^ . —- 

4 Juuu^JI Jx- *-^j Deep Blue ^L* 3^ t^ 0 ) *^1 4 xojojua 3 ^^-® 3j)^A j 

jjuo ,^ 33 ^^ cS 2^3^^*'' 4xJLoc. cjLjL^q 3 ° 0*^1 q\I oLiLij SacL 5_s 4 jjI^^JL!I 

p p 

cijI^ IaIij 4jI J[ The Age of Intelligent Machines 3 I £j I^JlXU ^VLlC 

« ** 

i L 3 lxu 4 -Lxfij 1 ijiA a 2 ^jnLi_ujJI l 3 3 b 3 £-> 3 =^ ^ o I 3 3*'**^ 3 u ^&I 

«* 

3 ^ 2 - 53 H ^IjlB 3 ^ aJJa tjiioJl 30 cj jAiL JbliLb 3 ^ 5 ^° 13 ^ 3 1 Afl 1 3^-1 

3 I 3^°l3 < N ^ ^ V ^Lc 3 4 -aj 33I c3^ < ^ ^ ^ A ^_ik ^JLslJI 3-b-* 3j>t 4_i.i 

W .4iA J&] vjt&JMjA 3 31 ^ u3^ 

«• 

ajaIc^ <3^L*1^ ^3-uJlI Jx go^Ttni SljL* 4-La-ixtuJI I3TJI 13Sac12 >_ >* I" 

31JJXU.I a_£llJL» l \\\^\ SdUj j*s~ 4 JjloS 3 ^ ' G v< ^ A * (^jJI Lq 3 ° Ls\ti 313 JI 33 ^"* 
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4 L3t 1 ACI3-) 4^-o j\ja 6 J>jJ goj lr%,i^JI pNi fl\ AJ 3 3 H 2^ 
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(£I 4xijJ>A Led od di£fi t LoljJI 4 i % i Judl^jS 1 tic 4xao^I> dl5c 3 CaCjj IjK) 

jjjJ^/ u 3 >La £t-otj^j (O^ 1 ^ A 4 J^j3ll 4.1.31,1 <3 (JjlcJLi 

■ N^A* ' A aLc- J| J>»j ^jlll 4likiJI CiljJJJ. j/iUL j^>111 Jkj Hans Berliner 

4JI nio LaA idJj^ O l ajl^i L jJ I 3 i-ij lj£iJ I 4 a ifanll ^ 

ol ajJsLi^JI (JL^ll oLqJuluo ^a j&Xxc. jnlj-SJI gt 1 is\~^ oLtd J3o <4u^Lj 

** s ' w * 

^A 4.Ua > i 3ic ^I c5 ^ CjI _ijlVt 11 3 J iilub^L ^3*11 

^ p,r 4* M 

3 3 ^ ' <3 0 (jSl > 0-1 ^3H (L^Ldl J ^ 11 3 *^ Cj L^).lrii 11 jjl) dVC^ll oLqIujI I 
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CjjJj-Ajj 4^uj ,^oj . 4^-yj^ 1 3 J j3 4^q J \liii 1 ^£jJI ^jLuii\ j^A dJ J 3^ . S^-laJy 3^ 
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gtxalj^j (*■*%^t^ < \oV ^lc JjLloII ^LaJI ^ ^ o3 3j) AAn> 

3 j^-dl JjLfllJI 3 x 1 dJjj jIjj 4 4-1* ^ 11 4ja-bLjJ1 JjLutU c >Axj 3 J-^'j 

.^^cLlLoxcd pI 3 jJI JU o 
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jjl^jj J^' iull x^q *d 1 \ j 11 LM 1 ^xTi <nl 1 3 I 4JiLo^l a3a 3 -° s 3 *^- u *35 

J ttfl( Ii JllIj^j 3 j*3£JLi Jjlj Luc^ 1 tgJi^J 4 4aj36JJa a lJ 1 Jib3 JA 1^5 1 (3 4 a 

Ray Kurzweil <_$ljJ ^JLaxJI jclddl guoU ^ ^a31u.u .idtiJI cjLcIj_»^U 

t<LaJ^ Jfd t-flljAl 4ej)xi^k4i gt-oljjdl ^ iAj ^.^jljilJI J13U J-aJlxu 3^ 
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4 jLi 4 j^jLslII lb 3 a . ti.ilVTi 4 n K 31 3 ^-uS^Jl 3 ^ 3 ^ ,c “ ^ls 3 « 6 Jjlu£l 2 J 1 3 -° 

1 ^ 3 >A j /j| 3 ^ “' ^3JI jajIaII xju 3 _^ . 1,1 n .1 j} * 1 (j ^jJI 43jLuJI 4 ^ K 1 1 J^jlj 

Ml ^ 44 

^JjJa 31 ' *1 3J j IjI .JllA 3-0 3 Idrvx > j) 4 3^-1 La I ^ ft C 5 -Ln ix\ K \ I ijljdl 3 

3 Ijl^ 331i 3 I JaI 3 ^ ^ji3i I 3^0 ^-^.1 3 Lj 4Jili 4 j,iur> 

oljl ml I Cijl IjI Jj) ifl II j\jl jLLjI 3 c 4. ntilj ' iiLedl 3j .Lo 

.Sjj j-u^o 3 j-I° 31 

p ^ p p 

.'i! ^1 4j^l3JI 6 jcl^i 31 ^ 311 ^' <3 3 ^ dJj 

3 j^j ilUJI 6 JA 3 T 5 1 <<>^-11 1 3>Jl3ll 3 1 i3>..iI xjldu j^Laill j, I 33 .JI 

«4 

, d ^ 4‘.II 4fl >U ,_Jj_o 1 j LgJ ' j tCjl a » 'll 1 (j ' " ■.' *'j <i5jj SjiA^ a ((olSj^-11% 
l^J J 4 3 (] “* J51 idiljA^I ,t_iJ>-*JI i^jj) 1 1 it 3 4 Cjj^xa.l I Jiljs sj> iL^J^ 

4 1 \fl 11 g-oljdl ^Uiftj .4 \\ II 3 4jcUL»^!I ^jjdl Jlv 3 x 1 1 ^ 0 1 ^) 31 a■> 4 VCxixt Jikj 

^ 4 U> \ r.i J1 ._ 4 . dL uj^ 3 4 4_LfljiaJI 43^31 ^ 1 \5*il LjjjJ^yJ 4„ifl,.\ < S j^A iijIjilJI 





^5 \ ti i^-t 3 cybernetic srt ^jIja-ojJI *}3 *L1a LuIj 

<m m 

.\ 3L>3^ p. ni5~J Sj5 ai a nn I X O 

LiJ)^3h.l jfl Q t4 io.\i-ixj 4 jlu^ (3 ^^ * Lq 3^ (JLc- Jjlj 3 LuI 3j} 


JNLA. ^pa ^bJ <_£jIj£jJI * L>j> x"i 11 '4 U i Jlt J1 4X.j)^7» II 6 J(j J Uji3 

4jL^j 3 ^j jjjj-oSU 1 ^jjy^.xn\^ . 4.a.u.»^ll oL Luu^J 1 ^ 4J^uiaJJ 

.(JjLluII 3^ 4-a l.o.*C 11 4 ^ia Loj L^S Lu 


<Lipji±±}\ 4xuiaaJlq -jIjJI /\it^MU :4iw\All uKuiiH 

*• V * • v V U* I •• ** • ♦ 

M 

^uil L^lLk. 3 4 wt /n~w H (_j^IjtU 1 fcl^Ul 4 I -V A 4 \\ t<~\ * II 4*^j inJI ^jjpu 

5 5 t 

(Joj-lo JlC 3 j ^ , <-U lX 5^ *l5 .L^-La* Ljjllao 4 K /n rt J!Lqj ^bJI Cj^I ■%.jll ^j-q 4x3- ^ 1 \ J-U 

O'bl-A.J-l! &JJ5> 11 (g \r> J) fi -’fc aJ 1 Jl ^llab> 3*^ JoLfiLill ^ya 4x^a^-o Jliil 

\j±Li\ ajjfii Jj-o j^j jjl fk.t^ t4jxl\ln ,/Vjl 4 m i<n» II LrbLaJI ^jja 4_fi_Jo 3[ LuL) mr 

p. f. w ^ ^ 

j^jl fLoj <4-u ua*JI Lj^I ^ II ^£Lau lJa-1-f.i.u ?tjalj^j 4 ie. 1 \ U i^~>N I 

1 (] \\ injj ^J_j i^ll j^ya 3- UJI ^- J J U in (J-^) 4 In CM 

lLLLujj S^5 4-i_ua ^ 3^ J) t4jxl jlaidO^II LiNi nJ I ^jjo 33^ 4 Q ilnll CjNL>.Xqj LuIj^juuX 

^ ifl > Ll^jI ^^SJI 6Aib »4.Lun^Jl 6 Jj& 4jucuasl JiLqj 4-ja.Lua-o synaptic strength 

4_u£. SSjLoj^! 1 Culm^l Ijl .4-jJI ^jIj Cjl^Lii^ll Jjj) unC. t .4ajlj^.uX- 

3 ^ ^ 3 Ai ^3 ^ ^j_j .4^jn. m 4-Lua^ J\ 6^L<5u| 3- uj s- H^9 gj> v 3-°^^ JjJjX tLo 

^ lo i j t4 0 \ lr> Jxl 3j> .AjjIjJI 4 0 tlnll 3 4 \ \ i/Vi 11 1 CnL ^ II Cj^LjL J.OJ LuIj)-1 aC Jj j^ t-unx 

•% 

— LAjI Lulj^inC t Ajl v" ^9^ jj) ^C 

I ^ ^ t. \S" 14 aJx >_flji a "y 11 . i^LW-a Cj vbv ji t_2 Sj^jua 3^° ‘Lq 4 K. / m ^ 

Sjj) 4 5 lA J oLLa^l piiUI 4 v tiy>a lj Li'iLifc tO'J-a.jll 4 Q iln I 

.3^Lull ^_uj 1^ ^LLu 3 ^ ^11 4*lfl^j 

i3 L^ 4jI Jx jhq'-I I L£^L> 3 o**-^ ‘3'^ a ^ J-^ 4 cm a j cun 11 oLU.)ll ^1 

^LLklJI Luuu^I SUj /x. IjLq .3qKJL 4jjIj.u,x cjL^.^U.1 4jIj_JI 

S4ujIj) Ac. 4jijjJaj 3^^-^L 



J*UiJ 


<4 IaI* II SjLLI a 1 M W ^LLi-J 4 \ \ iS~\A II 4^L jJaJI <jl <4 a,^.Ci Cxifi£>l jiLi 

' ^ M 

W* — Lfcjl>- Js. Cl vaa 1^\ ^jJI CjLu^IaJ I j>Lk_ci I ^jLuj LguLdu — d m % 11 45fc.i.<ulli 

** L "" 

^ e- f- * « « „ 

4*\ \ n> La_ij jl jpj)-i.i guoLsjj jl LiLuil ijytfi*-* 4nin aJI 5£uuiJI ,51kU 

4 \ \lTiA II 4^JaJI ^JLxil <1 mij j J (J * flJlj CaaI % 1 1 tr\\ J& CSJ^' 4 j. u ^ r - 

6. IaaJjJI 4_Uuu^jrJI 4*v JujuJI ^.^JcL^kJj Lo jJlC. L^xsLxj^ (uOl^j LojJlC. 6Jj-aJjJI 
4JLcojJI I cS^, u~> j^J i ^luaij i 4_u i^A JI Li^L^JI (ju Lo 4_Lu£>^ 6 ^jS ..i-k i./A, 1 ^ i i.fl. ill Ijjfc 
-* a• iAl 4jJoLk. 4_iL*J Cjj^^Lj ^11 dlt ^ ijuVij d->w \->v ,s -\\i 4-iLa*^| *_a 

j ^jJSLxJ 1^inflj 4 t' i/m Jl ii .LauJ I dxSjj I 

4ja1a. 1I L^ujLo 1 a n Jjl 1 4.u i/-\ at II CjI^j.u.J 1 >_I ^ ^ 11 1 

c>° ■L.O-C 4 jLLLj Jb£. |k I * t 1 (jl^ IjLfl <6j>fl-A j\£. ^ aI* A £-A ^ A~V 

Afl mjjJ p 1 a j j SjjlaJjJI ^ um All d< : Al l jAt/il“ L flj) lH.fl <ejj8jjJl 

* ^ - .. tf 

61^1 ~k A ^J^AjJI 1 JJb k <Jt (Ijaa. 4m.^,1 i K ; AH lldfc Ijl 

C_fljJLjJ1 *- lVk ^ iJoLoJ^jH JjC- L_fl^JtjJI ( J^X. 4_1 ^LJl CjIj J-fiJ I LUl\ 

(3 pljSll ,^>lft t-UJl 6 JJjlLo d i \ ,^r ^1^ i ti\ 4ilVCI 1 lI Lljj 1 ^c, 

L_fljJuJI ^jl Jj^la dxfi^ Aja AAjJtll YY .4jBjJl fl \j JjJL» 4 jIj^ { J-C. l q^a"11 

J^ 

4 ui/aC. 4fLxJu CjI ^wlaJLujj <4 i*\ i"tLo jjj I pK luaj l_A( jSlI cJLxg-2 till J 

p w 

JxqjlJI 4j ^Jb ^jjo, J^Ijj i Mir OS f^yj^j\jb L^-a-uj! aW \i ^_ 1 J (3 6 *J \JLua 4^£ L^ij^_ul 
,mI 6j j) I f\ \ t t Lnifl'i ^)L Cj^I 6 Jj 4> ^1 Jji- Jjk 1 ^" ^1 -1 ^ (] j j 1 4 ^ u-S^A < ilL> 

.(,]^GjA-aI^ ^IlI^JLujLj 4j'^LjJ1 jLaj^II (3 ^ Sj^jui ijSlLi ull^, 

^1 ^jnO^ i_t.vin Jj-ftd ctl^JjJl ^jl ^ j"v ^ &&J Leu 4 JLjJL> 6 ^jjJu 2 fc. o'dSlI (jl Jt-i-ol^JI 

♦ 4 ,kfl AAA 4-J J fl \ ^ IjjL ju2Ul) (^LaJl^UuUxII Jjl^u 
aLIoj a I J^jlxoLj & <4 j.lLjJI Cj 1 "Q /?i.\ll (3 4 \ \ i/~\ * 11 ol^.i <a,l I CjaJ^JLujI 

j j ♦ m « m ^ * 
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I pLUI Jj 


LuaLj 4 j.Am JaIjJI CaSjJI i_| Aii^Ln! ^jljJI a. ilVi*ilI ,JjL J-q 4 1 iCm" (jJLix 
^ jLj 1 vie Jyllaj Cj\ nSlII 6JA i&j^j J^jLuJI 4 \ tir>*JI 4 £mu 1I gjjjou 

LIL^j .^^15111 Jx >■ Qj «"s 11 4jjSll a U>\II J ^Lku J-c 4^ JjaJLtAuo ^Aj ic_flj^jL 

p 

4 (i^“ a 4jjcjjJo 4 3 \ j 1 -n \ J j * K \% ^Aj j-JHaJI J) i fl J J^wulu f*® 3 u' 6 c 

4 A K cJJI j^lin J iS\S 4jJ ol Jj-flLOJ 
4 ,>s a J^jLrw ■ ~*-v 111 J X 4jJlx 6C-Lfl^ lj jaLuAI jl j^~ M j-Gjlj C/^>- 

4 I \ <nj J^fil j\jjtj 4 \ \ <o * II 451 Mil II (jLi i ^J)jjn. l cu 11 oNLflj Jtjj JIms i £ji 1 <\"y I 
j\£xjJI (^ * fl"»* JaLcu^l Jx c_fljJt4.ll jLij SjLg^o j!i£1 jvuaJIj iJaLaj^l Jx c_fljjtlll 

.4 il3 % II LajI jbLsvC (3 4 v a jJ 1 6Jbi> Jx ,.l*> jftj LijLfl dlJjJ <4 \flIVtU , i >*SIj\JI 

6 JA (jXjJLJJ ,4 JlM^aJI LjjljJ J-0 J^^ll .LLj^l Jx c_fljJLiJI JjuG_» (Jjl-flJLiJ 

JnMiiYi.11 SjlxJ J-ojj 4 i \ i^jtll IxAaJJ fr-La-JI 4JL1 Li 4XjmJI OljJLflJI 

4_^tUI 4 _i_uj 4_AcX ^_LL .LiLfl xjL 4_mLj JcLg 4.i.ii/\.?w iJLJI ^ ms~\ * 11 

LjlX SjJAaJI jlia^II Ja j\\K \ *>j j 11 ^ j U"v < I.u ^ i^JJjJ Y °.4 j w^iC 41-u^.j (3 

Lfl. Mna 44^LiiaJi cjLiAi^. Jlc ^j\4lmJI j-LI J-oHjljj . jljJfl CiaTi 

C-LflJ jQ Jx C_fljJtHJ J^LoJ^I Jx C-fljJLiJI Jx LmIj j5 ^ JuJcXLtU jj JlAC j t fl*l J.I a II 
4-ojjjdll 4fl,jLt-uJI LuL^l j u ml Jx Jn7iau pM J-qj J_lA l ^o 4xfl Lijifl uXfljJu 4_jjlxo Lo 

. J-tfl J-q 6 CjIj-o L^-J-fl j*l A \ jj-ol J j\*\ II 2_Jajuaij i 4_> 1 aaj 


pliiJI 


:Oi-o^lxJU j-mojj 


4_Lfl ^^.Ij 4 Q"W ^ 4_Lfl oLcjJjtll ^Jj^4 ^ JJ i 4^CUJJ Tfc .11 Cj*^L>JAJ (J-O jlxjJ cJLjX 

!Aj& Jloj tjXusJI jX OjLj J-=^l ^-flj l3 •—^J^ 2 * (jj^l Jx (Jlxoj kSjdJW O Lo J) 1*11 

Uj jui Ijl LI .J-u^l jjjJI Jx .it, w ^ja o-i Li I Jx a < j ufl I 

Jx Lcixxll [\\*\ A t j[ i4 ■vl i^a^l oLjLi I ^L^jrLujI J^jQ 4 ^ jjJjJLfl ijiL ms J L ljj£. 
. 4 -uL^j JX 4 lA^ jfl l ^%11 Jx J flip’ll I ixMilS jSl u\ i. 1 -Tv J -0 JJjJI Jx Jj I^\jk. 11 jfllO 

J_> I I J-Q ^ JjJI 1 JX jqJj dJji 

(Jijj <j^! (Ljj^^II SjLjJ M 4-J-u)KAjl Jlio I1& 

.oLjlxll jMaXi 4 \ >ij^w * J 4_fl_i^)Ja ill Lx 





\ 4 axu 3 ^J 1 jl (3 uJ 1 4. m.i 3 ^ 11 4aauK ajl ^ J ^as 

P 

4 aauI£L*aI ^JP _ * *jLfi dlJj J*o ^XjJl JX3 < 6l^. i*^l I JLjLJ 4 -fl jlx 4 5 . 13 W i pLo j^I a 11 
4 .i„/,i.,i3 _aJI 4 ,aj..^ <lxjlgltl Jx < pLo3I31-II 3^0 Jj Jx Afl Jx ^ 3 5 > 4 axu^^JI 

<JIaII J n iii Jx .^jLEaj! 3^-j Jx oLoj)la II 3 \_-oJj Jx (3 iSjJI 4 ^aj Jx ^x 

** ** M» 

^I^LJI , 1 k jli <pI 31 63^3!! Jx * fljjLjJI Jlo Ua\ Jx c-SjjC 4 ^ ^ ^ 3 

3 1 633-uaJI 3 pL»LiaJ j»^-uaJI Jfl JaJI « j*uaSjy> jaJLi l .a in Lo 1 ~lUla 1 pLo^J jcqJJ dJuaLaJI 

^ ^ f- ^ P p 

4a1cX 3X 4 j 8 jJI 4^.3 Jx .UI3 . 4 aLqjlJ J 4 \ 4inlL> LaujLujI I3-0I j\jjlj (j\. iLuVjl OjpxJI 
S^L^jcu j-oJlj jl lflVv.a 1 4 _»Lajlj ^30-03_LL> S^vuLlo 4_Lu 2 plj oLqj) I * a jLaL^I 

.pLo jixil 4 aL> <_sjIx JSJojj 

J-LflAxiU . 4 .U X il 4 *C uull ^jLuUJ^II gJj)Ul ill 4AJ3J Lo J^uiJL 3X IjX 

^ ** 44 * * ^ p “ “ * 


-r' * 


4 ao£ Jaclj ^JLlI Sj-clIxuII P I j Li)! I * ! 3 1 pLao — ill ^31 u^r. 3 1 ^jkxu — J3XUA* 

M * 

JiLi jkj J-^3 < Li A\ t ^ 3I J3 *^ * jl Lo| «l$J 4 _> L?kJ> 111 1 1 j . pLo3 1 a 11 Jus 6>3^-1^ 

4_3 Jus 4 >; u~\%, 11 4 ,fv,k ,iti 11 ^llOJ j! J 3 ^ 3 . pLo3I a II Jus J^klj Cjj Jl 4 Jus S3J3J 

m (SJ 3 J ^3 4^1X03 <u_flJX 3J PLq3 1 * oH 3^ \lfll II Ijx jLfi A Jaa 

J[ SjJLjlLI CjLqjIx U Jus 4 -ljlx CjIjLsj 3 f> \ Ifl^ — (_£jL<ij^!l ^J3^al]| IxA (_^3^ 

J^-fl .jLuu^ll ^ ol3 03 d]3l <d 3 oL3lxull Jus 3 — ^ * \\ 3^)3 4 t i ~v ~ /.1 1 

IjJb CjL^3_a-o .4.1^3^12 4 us^Laus 3 Xu ^3jJI plus3-LxH Jus 3 Laa! I 3 

P P ^ ^ 

3I ^X Jus n u jus 3X 3I < u jus pLo3la1.il Jus pj 4_>3 j^3^JI 4 auaL*JI J-o Jal n>\ 11 

++ mt 

dlJj *j\ kTw ^ I3 J^J < 4 _uIaLJI PI3I3XJI 6JX Jus JjJxJI 4 us^L^ aII Jai^u JjB .a^JLq 

w ' 

<^jl-^V >1 3 3^® .3^3-^.! pi 1 uuJST3 3 ^J^JJJls ^1 3I t 4 . 1 ^.Liii.1.1 1 

l$K J3^j ^ I-UXJ 3 ) pLLlJI Jus "^LaLx LLflJj Lao JaOaxllj — p^jlJI 3 < 1 fl\ Jjaa — Lo 

aj .jj^ajl J~-«- t Cu i^a 1 JIj^fl (v- j • s ~,jviLi 4 jLuj <lLuS CjI j 

cjLnaJI uJ%J O^ 1 ^ 1 t> 4 -^jLjqjO P^313S ^-o 3I3XJI IjX 3 ^u\> 

.pLjLJI Jjs Jl=>.I 3 pj J33_us ^jL^jJI 

w* 

1 (] k Q "v 3 n>^)l J~v~w 1 n ^JIaJI 3 4 ^ fl 11 pLjLlJ I Jus 1 Jl=>> tllLuX 


(33 1 mil Jj gAl-VJ I 6 JX 4 -sJJLJ <1 ^ i lx 1 3^3^" /nt t 3US Jj LuLfi jJJjJ .jiLuXj Llx l$J£ 

. P3I3 ^1 3I J^-U J3 v ts\x II iiin ^Ij3 4_>3 11 ^X 6JX3 .(^jIaII 



pifi jJi -Li 


^jA j\ JjUJj ^JjaLoj i Q-j-lVti 4. iLaC. L^J'iJLi. ^jJ 1 iojLflJI S^ll 3 

** u 

v-_fl jL^-JI j-\-OjjJI d i Jf -* i^sll ^JLi ^0^1 IJA JjI i^lJ-m it\ t4-A_ijiJI oLflULIj I 

p 

. plSjJI (J-Q£. Vi J-u£5 ) Q Lpj} 1 a A 


SjjUd 5 j£-l Jlmo^l (J& A J wJu£ 

jLuJsl J^Li. 4 _i j/fvl 1 3 ^ a i Ji IjLixui £ At L^-jLi tS^jLLi ._ lc.'^LII <_>i 1 ^j\c. 

,_jx- J^U ._^sLiI jjLfl cdJj ^*3 LiAjIj i±jvA\j cl aIIij <IjUj"^I 

P p 

d" iolj, a 4 »j^I jj /ya Ifl t ->11 ^ ^j| 4_ilcjj S^foul lo 4-flj^-la_i (jr*-* !j)^ 11 6 JA ^ja (_^l La_S 
<1 Ail ^filji.1 4jJ| <_>AJ-ojj (_£jJI < 6 J?H\ 4jJl oAjl u» (_£jJI ^I^-LLj ^jojJI jJaj 

6 JA >■!~ -v"j .SuULJk-ll 4-uSll Cj^ jLaJ .1 ‘jA 4JjLa 4-C ^xl^a 3 ^- 3 [ ^J~C. 4j^.L*. (3 

4JajIjJ 1 5j < A T-»_ I >. fl.i5> . 6 -iJJja* CjLLu O-Lfl-LA 1 <\K jIj^qILluIj <_jl ifi^. S jlc I 3[ cjJjLxII 

& 

kjp(J n5^ <4 a(] U 6 La ^aJI ciilj Little Leaguer ((6 ^/lJLu^J1 

tc-jl nvaJ I 3 CjLxiIjJ J-C (Jx ATk . J fJj ‘ 3 jJ UJ^J 

Sjlp iA > JjL^-li ^ Cxflj Kfl i 

i—fljJtHll 4 \ \ iS\% II L^K \ aTi CjIjAA ^ihl ■ iu I 4 J .c»lJj |Ja^ ^ / in l$j| 4 _iL=k.^ll 


4 > \ i/i».ll oKxxiJI (^jJ (J \K tin jfA j\ j£[ e-J^J LujLujI ^-LlI 6 JojCl JI Jlc. 

' M 

*_o 5j5Ul II 4jjLLo 3 4jiijLall Ji 6<lxs£ '***lj*» m juP i-6i^) AC /^-L 

.1^}J iuis a.»u SjlflJtl 6 j-A a 6jL^-a 11 1 ig ^ I ^ .4-usL£kJI L^jJ^-uul 

JSl 4.Lij/^a,ll 1^3K \ Ai Cxj-llu^I -Lfl.,.1 .JJ j-i Ig x>Ll 5 4 tfl t*C L^_»jJ (Jju-J t^jl ^I 

«* 

Jl‘vxi S^ill cjjlajjI I j^-11 j)lLilI S j\ ts \>11 jLiu 

JLa^ (3 JJL^-o ti\t > Sjill a-Lq^II JJ_ a 

M ' ' 

J l^£^-ULLiJl H i wii -V \ *^J .i^JjJl^J I J,*\ u^JJj JJU £J2l}jJ 

J^C JJ5> 6^1 Lqj ?os 3 ij-aj^aJI oijUc <Ja (j\ dllA 

C- P 

. s ^ i flJ I pic I ^jjj Luj I l 

«* * ^ 

Cv.ii.u.1 4 ~w,afc 111 I d v A .4-11 jj ,l^ <—in.! ^ Lo 4i OLJQ ajJs plijJI >o3liuo J-^.1 

3^ L4-fij-*-j Cj^sl \^ nil ^ *3^Liill 3^ 3 L=>-L^o 3-fl^H L&jIjljI (jA 3_i^-fi 1 6^^^AlL 

.jaji 3 ^ 1 j,t * ( 3 ^^ 3 ^ ^ 4 J 0 I Ail u 3 ^ jlj .i^jcllII 
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ol^xui pUu 


£jLoj ^jj^I^JI CiS^JI (J jPJ> i.i^5l 11 Jx 6 JaLxII 4 a i x 11 45v wnll CjLfl xa Jqj «_ >le-l 

^ w ^ P 

4JI (^ 4x, A< A\3l>° 4 \ \ac- <o£JI ^1 ljX> ^JJ.A^g oLl^-a ijrdl (3 LflaLj^-ia^X 

99 m w 

4 n ^ * JliL a 3J I <C>i^ jjjJLj 3 6JaI^ 4 unj"v 4 _lLojlj ^ Q a fij} 0.J 

4xuj^„ a» 4 1 1 acl Sl^L^a 1 \5Lcv> 4 4 Sis \.\ a*\ (J i * n>*u IjJLa. 

f. . f. f. , 

^JOAJL^J Lj afLaa Liil pXjj Jill 3^ jLxLo Lls,ji ^4»j *4-uliJI (3 u3 }*^ c 

^yilt cjLl^oj^JI (jLs cdlj .(3 *j)\II 4JI 4_iJ 3 ^i.Lll ^ a nullj 1^5^ ^Ja^il liA 

^jjJLII 4-i l ^ J 3 4 V A 4 T 1 11 O13*3tl.a\ 11 (3 4 11 <y*v* 11 4*\ j<nIJ ill |i _S -v" h 1 " 

Jx i— a^) x j J i ^_jxo ^L^-o 3 3 Lojj^II S^jJb £-a 3-* l a\ 11 3^° I ^4^ <_1 j* 53 n\ Lu^_5-* 3.1 j^jlW 

.4a*. c ' i) <4xjaJ^a SjLo 

P 

(JLoSJI 3“° oj?*-* »-J^>5l 4 1 a aa »i> 9 * II ^J^11A < \ .1I jLiX ^yd P dlLlA^ 

' 9% ^- m ~ 

f ^ ^ 99 

j^j-jI tifiluij ^jn 11j t 4_L>Lxu_u ijjl^jLo ^IVt 11 6 JlAvj 4 t \ i/s a II CjK null J t * m*t1 

P p P 

UojI (J-tu Lq 4 Ui/\*ll 4*\ \ ntll 6^>-0 «^_flJ) j^-V* 

S^o 3 ^ 41 ^ 

^jJI 4 Q 1 j U, U ^ 4 \\tS\C- qK > mi P-LjJii ■I’^Jn'V) 3-° SjjLi 4x1 £\"v cJLIa 

vjj?, 1 '^ r (J^-l ^-Jt-juo j"j (jf \ \ ir\^"s 14_filu5L> ^jl^HJl :4 a mKH L^j 

3 <w .i i^ J^3 <ATR Jjlj ijyt jj) IrTi 11 (JLuaj'JI oL^jl ^\ ^^ 

' ^ dllj ^jLlLqj ^xl1 ^-1*1 Ijjk (Jj-o c3 

Mi 99 W 

O Lc^-wtu i_ 9 j^uj Q\.j^A II 6 Ju4> j 3 Lauu^J 1 ^c-a 3 J J aJI ijLLLi 

4x^vuJl 3^UJ till jJ o .4 j^uj_l1I Cj 1—>J) \ j^*\.Jl 1I 3"° u3 1 1 A P^^ul t4_U^jrl^Jl 
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Cy^ Cj1 s- > 1I fl^T ^ 4 i jjj i^^JJ 4 iK. II 

W H 

4 A. a p 1 1 3 <All 3 ^1*^ 4x1 a-v j-a iHugo de Garis ^xo^jL^. 

CjLc-^-tU 4-J^VJ 6^1 j-LU jL^Jl JjrVJ lillj JULJ ii^AJl 4.JI.11I ^yu-xul ^xl\K i40*jl 

V \4JlLdl OLa1 a.11 4^ \Ai jJlx 4-aLaAi^l yGj (jjill *_>*3^ 1 3 — 4 ju^j^^J1^ 

CjGj) nr^a II J^ax 4X_»jJa Lu& 4 niflllj 1 ^_l-lu_JI /jj > ■>"»* 11 JllLoj 

jKIj IjllLxj I 4a^viuJI CjGj) \.js\x 11 j^ja j tt_jjL^. 3^ -^3 p-xj 4_iLi.^| 1 S4 j^,u il 1 
^ 5j JjlLo 4jojuaX Cj'^Lfl laa CjS u-^^J 1 (£3$ 3 11 jALLI ^J^-aaJ 1 

cl ■ Ac l ^jla.c 3-° 4x^a.Tb a 4 Vs 1 lj) .Ar ^3.1 ^jjjoJ .JL>»1^ J JlJlj « sl^ jJ^L3u j>a_aa_) 

3-43 - 4 a h A. r> oLa.xloua^ •_ ^ 4i l^_xa c d i^ i ^- 3>JLL I pLoj 1 a 1.1 4 x=31aa 





3 ^xu^jlII a ilVnJI pIj^ ijjl^lll olxajjl^.CkJI i (3 iJjlj LoJlIc <^=wl 

jl X \\\ ifi'bLc 4j ^JXi^XJlW 4 tj ^.UXju^J jJLxj Jr3£jl ^1 -Ki t 4ilLLll ^-L>llil 
3 .qLoj> 1 a 1 I £_A 4XqLaJ 4_fiL»jXiJ 6 ^-Jul-LA 4jfl'Jx Jx ^JU t.lj U^3> II SLl^> CjLlLcX 
4-i^jJI 4^J^"uU < JUJ Jjj Hi JXjj . La^/'lJLJ |*A^) X Ujiii S^juLlA ^/GlAJ 4 1 I 

J^ljll J^U Jrxih L$J Carver Mead jj-q p^LJI Lajj^Io ^!LlI 

M M 

^jl^vuil ^1 4-2k-ij-ulll 6JA gUfclLo ^1 TV .5 jj)hi II 4jjLulu^|I <L=JL*1I ( j-° <J3^ 

L^LxO^LLq CiS A Ml 4mrnll £jUiJI ^y£- c-uI^aJI ^yd JJ£, (3 <— fl-ll AT> 4-^jLoill 

JXoj c-i^-uuj <3 JjloJLj ;<nj 1 fl-Ag-fl ^Cci t gUkLlU 6 JA 3 La 

ij^ i — L\X.a (3 4 Mi4CiA.il CjI*^ \ jux 11 L^-Qi \*s *i nn ^liJI 4 _ljuuLuj^) ^jLcl ill 3 *- 


LujdS 3^9 pt^ 311 1 \ a (j a 3 I I I ajJLj — 4_uaL^JI 4HijjXij 1 1 mi \ in L^JLo 

«* 

.<uk 6 jKljl Sjixl^ Jx 

pLcu-o-uajJ 3 I SjS-® SETI £jL>. pI^J 3 Cr i^xjJI *j 

^_fl J *XjL& £OlL> I 3 ^ o 3 4_ i\A qLaI i*\ I 4_,<A 

Jx LjA 4, v\ \ <LJ I oljJli 4 fl ft <n 11 j-lLa ^ Q „H 3-° Ip 3 ^- l-^dJ 3^ ^ 

«k 

^Id3l 4 j*Xj 3)-° .J^Ski JJU Jx — * »IA*v 11 IjA k LlJ)-A — 3^ v< ^ II IjUb Jlo 

P * , p 

A la \\ 3 I - dll J Jl) I_- I W*\ A .t_>ll^JI I JUb 4 V \r ^_o| I^gy 3)-° 

•fcjLr-u I 


lu Cj iAa fl tlLil Jj-C J^l3 4^ j\jii (3 j rt "" ui 1 ^}1 ^ :jLajIxu"±l 6JLi^o ^ ^ L5^ La 

W <M» 

4-X.I \ 14^ 11 CjIxL^j'^I^ t4^j^l 2^1-ijl i^LLO^-OJlJI i ^H-ijIj^-ijQ jljXj_UJ 3 tSjlj^l pbl 

dJLxJI -4 aIa. iAI 1 jJLi 3-cx dJJj i (jJj^I 4.Lh^JJ Jl ^a pIjT^ J^Luili iL^iil 

:4-LaLtu_j I 

«* p 

4 -C.j^ a^w r> 3 j) * 14 | A-dsJlj a til 3) iialj ntf 6 jj)juC 1 J 

CjljQ r^ a 4Xj) A^k a 44^1 31 1 (] > 1ft JX.IjfrILlI f^yA 4-Cj) a a , 01 j 1 j3-J I jLLj^j JX.1^ g JI {ja 

dllj ^jjujJ ,4_JLa CjLjLlj jJx 4_ajL5 (^^>-=*1 3' 0 3 I ^0 33^^^ <3 ^1 i £JJ ^1 pI^juJ 
jx.1^4 4 x^joajq O-u q q II O* Jl ^ J^ {jI Co* tll»-ua 

<(^» 4 joA Jx Ia/LA aU jXa ((^-=k 3^^^ Sl^Lx^Ct pi3 



a LI I jyjju 


4-JLo CjLjLu ^.1 JosJLujLi 4.Q 1^ -o 4 j_i_> o Cx cu ^jjI^ ilili > ^Ja 

JjuxI .CjLo 4_iiL*JI 4,*\.nn.,11 Jx l_£_Lo ^oSLII Xxj e_fl>Au _ ^-fl. LflII ^JLxJI 3° 

^JJlL) ^Jaul^ Sl^Lxll goLjJI JLU J^l-I jjQXjLoU ^J3ft 3- 1 CjLi^q J£ 


p ^ f, 

3-° JiAifll L 3^ ^ .4 \l» fl II 4 V^-1 jGJI CjGLxJI Jx I jLcuxI 6 ^gI 

.(ouJ) oL^oI Jx .JLUI (J-L=hJl (3 pLSjJLj 4jXL llajua^jI ‘T'LUv- inj^“ilI 

c j j) \ 11 jLiilah. 3 * J^JU 1(3 mfl\ V ixLuaa j) Cxl5j ^jJI CjLjo^o jrJI JS* LlLijJ u*U 

** ft* 

3 j),AiC jolj) CjI^qWH *j <n l <La^jI£Jj .oGjI^JI fc^X 3- 0 

** 

6 jji 3 ^ (5 * S LJ. 1 3 ^ Jo GJ I jj) Gj.1 I 3 -0 ^»* (5 Jxx I tiltuai . Cj I 


CjLi^-OjrJI C->Gj If! *<LlLoJ|JI 4_iL^_l (3,5 *s>^ Jxa. i—SJt ijLo JjX.1 (j-° . ~' Ij-^ Uv -V 

SGjaJI J_lS Jx i (j ^ frG-c 0-1.5 > XfiJ t^Q^I 3^ .(jo^Jilo »l£jl 3-Q cT\"\ mn 4_xflGJl 

• C£JJ)^ ^' ujJ »n H 3-° Jxx 1—ill i^Lo J , !A3. 

ft* 

4jjLaxLtu^l I 3^ CrlJj)^ in 11 3- 0 J JX Jfllx a pJGJI 3 

^jX JoGJI jj)lVkll IjA (Jxo 3-° Si iflk II J-ifl Jx 4-xiLxJl «CjGj 15JI)) <j! 4^-a.GJI 

O-i)> Ca-jIS .^viuJI 4jJU. I ^ U. II J I, a ’ j -v |»_aj Jjx-o cl^j 5l^UJ.I 
V,V ^1 <( <State Street Global Advisors 5J.UJI .v.-M 1 
\i 7 i..H 3- 0 (J^ 3 * il*Vi 3 4 i <hLujI CiljLaxLujLi i 4_>jL01 Vi jn*jl 3 * 3 

ifljL^jo tl^viJI oljl^>5 jLS3^! 4 jjj)11 Cj Ixojjlj)-^J 1^ 4. \ \,±r\x II 

c-Ij^juJI CjIj)j 5 JLo (j-ulj ^jJI 4 Sj^L^lil CjLuiuJI jUailLtuI 3 4 v LA ft I 

Lo^ CjUlilll 4-^3A5 ^ -3>kll (jo ^\ £ i t 11^ 

(jpjl »7ouijU 6 ^jJj ji ^ ^ 3-0 JLo (jxilj £j i i>\5" 3^ 

Sjbt Lfc^jjS 3^' o^JJJ J! 4iLol ^(Barclays Global Investors 4xlUJI 

«* 

.Fidelity and PanAgora Asset Manegement 
jjAmijj) evolutionary algorithm iJjLoJI >■ jjaIII Jx. jil=4 

p s? 3 . ^ * P 

(Jj> 1^.1 bi^.13^ £, ^ J s5 <3 ul»Ljjq jl-r* ^Uo-JI jo .(genetic GjI^^ Gl \~±>\ 

j3=^JI 3I .(jvSJla^o (_>niGll 4jjl^il 4 JI OX JjLk 3^ j4^ 

ft* 

4-Lalt 4lil jUv Jjoxj LcLxu 4jj j\ju 2 lA j\Jlj Jx -G-^Gxj 4jI^J . j?i ^ 1 lJJjJ ^ c u> ~^ v 4\ < vJ 

ft* 

3ixli Lox^ J l 1*0 )11 »_^KUl 4-xfll£JI 6j J fl 11 4^jJ 3j) 1 , v 115 w 9 * Ja. 31 ^jb<"n 

Sj-o iij)I 3 G 1 II 4xLojkJI 6 J^j 3 1 Q llilx 3^J .^-uLlu*^3 3 CjLxLuJG 



jjl d° 


di.jJgu I\V\ n) i 61^)^ ai^U Slf^LJJ ^c. gtliljJI Ij^J Lx^d^ a\jj .S 

.4jujuj 4JLijJa_> 4 a v £ -v II JSLuJLl |J_c i_u JlxujJI ijJLtj S^j)lr/ill 

JaLaj^ll d \ -s. jpL I 4a^ j4^ OLi-oJ)jIjA 11 jaUxIi id y.unai.ll Cj\£ xalJI J!Loj 

^ojLuj^II j J.ju'lil^ .^jLI ni II CjLjLlj (3 4 0 I.Q-C 1 fl V\,1 

•* ^ w 

ijlil jJLxlJ 4 _ixujJIj^ ,1 (3 l~w o 1W1 1 4 K ini I 64JloJ ^ J <4a o i ^1W1 1 

Jx 4^>t!Lo SjLadJI 3 4 »uIj J£ — OLaj) 1 a ^ 3 J-xSllJlj dl.vA il 

.6 j^u Luo Ja^aJ i 

LfljLfl d^^-* ^ JSUull *-o JjoLslLII 3 4-^^L* 4 Is"*. I \ O Lloj j (3 

Jx iOliuJI dj-=JLI ^ >.o j 3 -°- jU ^ Li »4 5 A-fl J 4 \ 1 1 lrd J 3 L* 1 pi^/ vJCiU d* 1 J-=v 

p 

.Jjj-iiLlI CjI^vjulxJ ^j) i^..r%. 11 11 1^" j-nJ^Xo 4jLq d-^ <JIjuLI J \\ xu 

Q£-l Itm id ciLyl^JI 3 4 In nil^j d r>.\-v" /it 11 4_>^j^ ]r\ 1 1I 

.4_i JJlLcuJI (jyd iij J^i\ J^_lD 1 _ ^-i»l V\~ Jj^qJJ oLft UX-UoH 

4j_>Laj JL^-o d-° p j-^ {^3 CiL-oJjlj^dl ^kljA! ]lXU I &j 

.j^ul^Jsi 4 \ * i/*\ JLaC^I JU^o JSLii-Ci idJj ((J^d JjIj^Xq jJ^dlu i J fl % J1^ 

4 fl K" 11 ^jjq (Jli Lq ^j4i^ <L^jI^Lx-lu p'JJa 4_»^^ia3 djuajj\^>- C\fl. iir> 

j\ \.*\\ 4-aJLuo j^L jJI Sj^-udLa (J-*^» 6^) j^\ JJ 3 ^ Cy* JLaIj'^LI idLaJI 

^uol^j Irv <In^1 Qlj)_rv 11 6 Jj4> .4_jLLL> 0 • 4 \ aiVt 

Cemex la \ m w " uaj^ . VV * 4V^.l_u.iJI 4 \\ \ 4x.Lixd 4^dluu 1,1 J-icljII 

^ ^ p p p 

oLlLcx. *!JiLcLa Ij^IxuI — cjIjLx-Lq X LflJLct uil^ cxLc-ujI 4^^i> — 

3 4. I 3^dl 6 Jj IJ)ILq 6^j) \ i >^Luj^ll I dfr .6J-0U-U ^j-LxuJI 


d cl t \ . 11 L>^-q 




JLfl_> Lo t_imn. >^ .JaLaj^l Jx- 3 ' ^ ^ 

<4-a»^ v ili^ <^Lua^l ol a in t ^!LlI 6^i-^LxJLI 4uj1^^JI dM 

M 




4-Lj^Ja Li^cui ,4.,n t/-\ * II 45v .1 At 11 oL>^ 1 fl^ Jx dJ)ft"*" <4j^XiJt 4 _»IjSLII i a 

«• 

cii ^Cv"V1 V "V i^jK H 4^13. v v/N^ H ,~il t "V ^J. V 

<^ 0 ml) 4-llLo^I ,4 xuja 11 ^jLiXlL 4xjj3J y 

d-t d -0 J-*xd JSi-au Cjjj)ln3 I aUqjJI udkJ3jJ { JjC. \ 

• d->d^-°4 In uil^j 6 j^I»Llo 4^j:i1 11 





Jja .<Gt JLuj U j Ijia. £* 

J t > 

£j\ \**£o ■ l (j^juVn ilL^o Jj=^j 3 I 4 juo t_vl.la Lij^Jaj La_olj ja John Koza lj^5> 

30 i n7o l^_jl pL^LujIj iSJLuiil -L>j j^L LoLqa u ajuLjl) gt-oljj-JI .6 

3 1 ^tAdal^JI 3"4 .L\Lclc 6 Jlq n ^a Lo Ij\a£ ^ % Lo ^ 5-^5 <<_ia5C o Y Y \ *\ 

.U-iAiLo 3 ^ oLuifLU JJ£- (j-° J^)ll <Ja 1 <jrfVJI lj) HU gt-oljjiJI 

«.J5I ^ <4a l^jJUaj U J^a-l^IIa Lkikat 4 jaIj^JI 4j^oj-dl» I'^LjLS ^jla ^ 


M ? 

^aI jJI a ilVnll "jjflUn _1 J^jJss 4 j jjfrWi 11 oLlojjI^aJIj d w .v^* H ol5l iiit 11 ydxj 

jaJaaJI 6J.A ^ ^o <r>I 4 AA.liLo (J-xflJlj LJl£ 33^L9 I^a j mil 4 -IaLS jr\x. golUlJI 3 *^ 

■_JLaJI j jaajlj 4JL11II (J 6 J-A (jJ aIjJI a \ lr\ uJI 4 \ \ <\C- Mil 3 i$ ,^-JujJI 

*% ' ^ 


f - 


^Jul*=- j' 4 \ i is\ r. A*\ \ tu jjClLuu ±h <<JIa11 (J iyu iJ-C. .4a j i nil J-iLfl j\£. 1 u~\ il 

4a1ajl1I 3 I j\ L£ — 5l a £ t JaIh ^ Ia^aLIs Jju^j.1 £j 1 ^ \j\ ~i 11 CjIao 3 4aj^Jcaj 

.4c.jiau JrJI — fWH l^AjJ 

4x111 ^0 Jlo) 4 ajLaO JS^ULo ^ wnfl w 4a^jJ! Lja^I ^au^Ulxu (JaI^^jg (J5l xn tj 

i^_fl j-luj tlr> n 6y L^JLg |J£J <jJLusl <Li£.^i jkL^o JJ (ii^iuJI 

-? ^ p ^ 

j^JckJ I^J>^-LU^ L^J(J-C. 4_o^JtJ jA^I 4jl^_J 6 oUlU jJ-C. j J( 3 1^11 1^\1 

|JL*JI (j Ja^IaII J^IaaJI *3 i> 3^y* 




4a rouJI 6 ySljU ., A wti^jll u oj-CuJI 

«V * V « « V«V ♦ 

«* 

>j-^" CjJSH iJjaj < a 1 a *i 11 4 alLq£> 4axu I <l£jjtll * >Lllu^ 1 JLa-o 3 6J j) niill 4 11 .All 

' «• 

OLo>jUll a^“J ^4a11jl)I CjLo ij) 1 a 11 4*\ i <n Jl ^jaa JaaaJJ 4aaua11a <^l) jaJLaJI 

<4 mn a II CjK \ m 11 — >r ^ L 4j ^uuuj Lo 4 aajuLuj^1I 4-l^LjJ1 ^jA .L^-alAaj 

3 I o ^ <(.^)jliIj) nil! ii^JaA)) — 4 mU^La^-II 1 (j \ o^oX- pIajI^ 4jj^-LaaJI oLloJjI^JI 
^1 4aj) l\ \ 4 i Via s. 11 4 1.1^1^J1 iaLoj) .J^-cM1 (J^kJI gtALlII J <^j 

.(JaAAxoII 3 JaAaU^LI 4 v * 3 "^ 1 . w^ILn A iijJtil 3-4 ^34 (Ja^OA 4aOJBj Cj Lq^-XIJ^-O^ 

3 4-fljJiJsl . Lb j\u.iiA .j u a juaII 3-° 4-fl^jJtll 6JUb ‘■illi 2^5 

4^AXU 3-4 ‘4ai^ojuJI 4a^.^ V JI 3^- V-flJ41A11 3^* L^AJ^jJJ £U Jli\j 4 1 \ iv-vf- 4*S |.»> uLajO^J 

«* 



^AjSii jJi 


J-c <-i>*2L] jsA^iA J-«aj L^| . 4 \ v is~\ * 11 4_Lu£s 1 ^^5 laoj^ La.^J^ j 

ua.qQ i \ lc v—fljjGjJ 4±>L j\.C O-iL LgJ jmiSU £s_tAlj p^Ju iilL& ^yij-iJ <JLu 

(> 4 JL1 U^SL <7.> < w ujO Lvv^La* .Jx.1 Jj, ^^ij-LI ^aIa^II L^iulj ij^j^jIJlII l^ itic 

SjaL 33^ JiLLl 1 fl I <SljLlI i_LAlLft (J j?Aj Irwn 11 6*1 jlaJI Ol^j^JI J-C cAjJLiJI 

•J*& fl*ill (3 L^JAA-luI ^jJI Ifl -w ^ ^ ^> j-uu ^£. 

6/V * oLLu 4 v \ i 3L-A .4_>J^lijI Sj^IjJJ 4. \ 41i\ 1 L> pa^-ua P^jjadl 0 .ijj 

«* 

Jjuuloj} 4-iojjIj 6J JjuLo 6J-cxcL Li-fll 1 ^ Irwu 6jl TkC-lj Jjt5 ^ 4 x.nJ^ J^xoj LiA o 3 
AC-ULiL LjIj-\a (J-O t6A£. |J-iILcu c-jl (] mL <±Ll j 3^° *Joj .J*Q KIJ 3LAl ^ 0 \~* 

1 M 

3^-1 Lo AjuLo L) O^Ja 4-ijaJI frjLxLuul .4juuu3Jt Jl l-U l^v a At 3 

.j£.liIL llijjco »i Loj 4 \ \u ~\»II 4 \I-> ,1) 4L^wt ^^3 L>fl i J.C La^ 13 o£3i iLLLo 
jj \j .111 Jlud 4a^ 3*0 ^ZLh ijlt i"v l.A o 3 JAa^o £-5^-o dJllA (jjjuJ JUL)^ 

.4 \*\ wnll I 3-° ^ujlLLo Lo/vV 

- 4_»^viiJI S^£l jJI £jC- 4 J jfi 1 i 1,11 4 J_U oLxjSlI J-XJ Aij>-XJ *J LjI 

4,kin\JL> 4 jI OI^-xj LlaLfl — 3J, 3 4 5 lr» mi ^ya < 4l*i 1 1 (3 >0 \n <^*1 ^jl 

1j| 6 JJaII jJLI d q U\a 3 ic.j^o oUjlxil t4_»^-Ja_iJI ■_ * 

5^lill 4Ju^JaJI xJlLo j jij <hologram ( yuoo^j j^j^cu JjlS oa«J ±& 

«* 

Jifc.lwU JfiwOJ J-C p 3 ^ ( ta 5~ jQ 4-ui^3J1 j j r^l I .OLj>L» 11 ^yrtJi I 

Ail I 3-0 4-a^^o 4 (j ,4uj^juaJI oL>.^ll 3 ^ 3^ J^LcGJI 3 ^- 

(JjJLuuj Llxi-fl lj| .jjjlll (jJJLfl-j 3-a 5j-JuLi^ 4 jjIjJI^ p^-tixi pLAII 

«* 

p^jAJI oL^ji d5 >1 U.^ 3^3 JlW cjJ \11 4^.^o 4^ \^h. 3 j3^3 JLlXj 4jLq 

« M 

,4j4UI jLaj^I 3 J(3 Ail lljl I j >4.iLuq^I1 oLc^jA^II 3 ^° 4jjS!I 

i, hun\ ^ i(j\ a i/^i 31 jjj^a * L> c I jl *4_» jLxJI Sj^jusJI 4 j iiu ^ La_Lij 

^J .jLisz 4-lAqV ll I^ "\ alj^ 3 I 3-0 fLjili <4-Lol^ Sj^juzJI LlijJ JJoj 3 ^ ^^J 3 1 ^^ 

4jJailll 4-fl LiC 11 3^1 lj dli jJ 33^* (jAjLall 3 ^ A \a \ < 11^*1 Ijj-ua-o O ttt jA dlil 

^jJI SMill jLxjSlI Sj^-ua 3 (SS* -4jtj jlJ.fl,Ai OuAoAjl Jl5 3j.Ci 

«* 

3 I j 3 W\j>J .(jiijjAil I jj)i^il 1 ^ ^*V \\ ^lll L^jj 3 ^ 

' M M 

.iflLi >j ouiAj 

L'JAJI 3-0 Li^l Jfl flj .4_»5jU 4 \ <n\!L> La-P^ aJI ^jqflj ^GlXj^ 

4 x ilK \ iii 1 j\5tj 4 J 3j£j 'Jl 3Lfl-U 3^ dlJ j 3^J <ic.Loj 3^ 4 V s t ax.II 




— d ixufrSll fcJjfc djJjiJI Ij'bLa. 3-* <_£^! ^jauJ^ tT .dilflaII kjl AjClC. 

j_J Jui da ik j j dlWiC d t i* U \ fls 
•* ** ** ^ " 

f. * ^ 

3-a (Jj-LaJI LjujJ 31 Uj^o 1 Wa\ L&j L ilc- k Sj^Ij 3 J -j—^ <3 ,3-^1 

Lojlc .iijjtll LijljL^-oj LLqL^q kjkl ^*0X1 UfoLkl ^9 ^ ^1 ^(jaII 

tklLijj jL^-O j^i Sj^JI kaJaH < 9l-V.ll j£ 3 1 LljJuC. 3 ^ jXtJlU ' jJ y,i\\ 

I li^ * 3 J 1 * 1 j£-<7.U 11 d v\ a^A II 3 * '** * 4 3^ Jl7^ * i I M lc.1 3^-1 

.S^jiLk 6 j 5L> dJLuxo^LI 4 v up * 11 

\ 

t* 

oLLaJI 3 1 <»y\j ^ (j a I jLaSJI j[ 3 j?^ 1 k t_ijJfll d I* ^ \^lj ^l-g j)jAc. dlla, 

4jlcL<»jJI S^.ujqJ I 4_l1c jlkj ^dJIj i^uU 3-d dA^jlkJl d_a_LkJ1 < d 15 k \ 1,1 

^kxoo I mu!) pjj^JI Ijj4> 3U ‘£^11 d^Li dk.ni.>L o-la j .cerebral cortex 

Vr .3j) * u^f- A Jjj^xa j-C ^ < ka. S 4,1 /^jj (j-^ J)dwd d^.A ntj ik jl^ 

4* 

Lo ^ a I I ^jJI d„l,i 1 a 11 SpUSLII &jl& oLikJI 3 ^-Awa^ Mill j)i^a, 1 I I 3 & kJ ^_l 1 _> ^ 

.dj 1 \ I * 9 d l*a \ 

II £l 1I dkiul^J d^JjklLuxll J jkl | J J)~*- 3-^L>^ Cj-S^JI 3 d I.\1 "v Jkifcj 
LuIjL^-qj LljIj jJsj dkkJI d wiiv II kjLc. kkjl ^Juu 1^^ ^ 1 .Sj^ljJI 3 3^-H Jj^k 


kjkj^J *d \*\ \ <7iH ^^iJJ kxi\ 3 a at ^ dJLaJJI dijJtll d_La>l^jJI 

^1 (RNA Li^l) 3 L®[ LkLiAj^ 5^a <n^ 3 ^^ *^5 Sjaaj 

%» ** 

.CjLj^0^£_U d^jLiko d-U l 1A l5fc jlt oLl LLLJ I 
3 jLuU 3 Jj £ja tJJA-JI CjL» 3 ^*i-l kj l XA. & IjrA-O ttC\ iJllik 3 I 

.(_£jk.Sll d Aa * U LuLJLojJ ^XVV ,M„ ? ^ J| djuLpLoj^ll Ij^.AJ I 3 ^9^- v > Lo-us 


U>jl-ilcb ka.i jLall j ^ ? jJI jliflSilj dikj^jJI j\u.i iAj>j A,g 9 djj)a ixa jl di 1-tA^jk 
lk"iv kjAbJ 3lr® 3kuj^JI JiJ dxxujJk ?u^-ud JH^j) LkLajt 

d \ *n\ll * .4 \ a A ±\II I W\ ... /.«3 a dxx^-o dt d a xullk .L^Jua ^JajJI kjL^Jl 

J_iaxjj Jlc .k-uikj k w" I ts\s\ j\l lau ^ kill d ^ i>^ II d\\ i 11 jlijjl 3 ^ tCj^SU 

^jjll A V iliJI CjL A."l LO 3-° 3^1 LS^^) L> fl J^kill pl^jJJ 3 I 3 ‘Jkll 

T M M 

ll -^ cuuj <jjjjka^II jx jdjx^ ^>kj 3 (Lernout & Hauspie 

3-d 6cJfi^lk kijlj-oj^ jl k^kjLswl k^J A ^ mQu d A lllj ^"^L’CII kLojI ^ kit ^ k\II 

. Q dj^j^jQ 3^ olx\K II 3 °*^k>^ j^k. Hit I I ^^L^JI CjIx-Loj 



plfi jJI JL> J> 


dlgJI 4 Q(j U jA> SjLc jC ajlj d 1 % II 4^J tn II j\ ilall tlLlj 4 ^.La|j ,L$J J* jt_CLu 

.jL$x=J ij^AJLLI 


gs-a jya Jjl Cul£ ^ju-auLa^jJI pljjuldl pJLcI o^l 4 juI <jl ^j^LU <j-a ^jl 

J-flJ .(JjLflJLj jLfcul Ju£. JjJ i uxvJI SjJjB <3 (3^0 (.J^ljl LjAiI CaaL J-flJj t|^.J..j 

.jrt^-fiLxJI ^3 4 \q i 5 .^k.ll L^jJy^ll j-o dJJj Jjla Cy* jy *ia£LJL cUL 

.IojI J-cuufJ L^jjy^j 


ijub ^ u."v 11 cj / mI 

(j-a 57^^ — £1jpLk^Ll ^ cuci'v cjI ^-A oj^JI <jl cJi tLa.jjy>CUi 4,.u,inlL 


.iuLil q J q*ifl 4 jH % I) t_4j^Jt J^li- Jl ^ *1 mL> 4 1 .a^ < L^ Ci^xxol CaLl^. qJ 

*» V «• * yr v v • * ♦* • yf V 


„4ojLl1I 4_i_LLjl 1! cjj-aJI J ^^axll jLllo diij ^iX. Jl£lJj .j>j tlUj <3 L_i 

S&ajjXI 3 jA IjA JA (j*0£ 

CiVv LI Jfl'JI Jut <dlL Jj^iu jjl xllVC.ftA »4fl 1 ^G^JI A^h-o ^>-1 

.L^^J^ilJI 3 |xjilJI \i$j 


jJU So^l j a ^ 

I Aj ,4_xcLL i^n^ll 4_V\ ilI 1 ly<~ I 4 _u3jLjuq 4 ^ Uv\^ 4^j^. IjpL t|\ JU 

j-^lj J-aLJ 2^3 yill ji)^lSjl 6 ja ^_o t4^l ^jAI^JI 

Lla jl <■ c \_Us^ ~ 11 i loJA g> <CA^)i JlA I ^JLaC- 6 ^-vjluC. ^.-yj ^yd ^>3^1 uL>JAjO ^u\ > 
^jjx,&,\ ^La| ^li .4^_i j_Lll 6Jb^J '*“* Jaj - Lo q SjLLu^JI 4 iLaJ 1 

(3^- (jxu'liLlI < Jx. ^JLLaJI Sjljj ( $S\ i yvVCj jJLal 4 -LqLc S^5_j 4^^mjLI jIj^-U 4 \cf\ 

^jLil ,(jLil ^1 jj)S\ i^a A \*\> 4a Aij 4_uiLll 4-Lxu^Ilil 4 fl xKJI Jjcj 

p ♦ p p 

.5^q ^-IjusJI fijxy. <_jLi < JjC jVvi^y L^II^LLLujI J ^.Ajunl 4_i jLJI 

II Ca^SII t 4 -LiaLjjq J^^La ^La^IIj <^\a .s-y'X 11 J! 5 j i j^w oH\ jun cj-* 3 djl 

^wO-flJLa ^‘v.-k vll ^-o t^tjLlI 0^ ^U3J .4flJ ^^ill (3- 10 4 JLg£, 


.Ca^ISII ^cJyyja 4 ^jj^ wLcLI 14 _>I CjLLLu 

SdQibj La o^^/I (JjqjJI 




Lc Jj*. 4au'iLo j\L Cxlia .Cj'J'-II 4uuijLsuL I Cjj *\\ <nl 

J\£. Q.l£ j l^jli dLlj ( XA ji .ASaJ^I jLixlj^l 1 SjLxulj iij-xil <__.* * '■» * 4 aJ J-^JI <_1 jj LcuSU 

. x JIj ^jUJI ^jiiJI 4_»lj_» 3 ShjjS^ s fl\>t ^tJrnull c6 Ji X j 

?dij£ jjxuJI tjIaLj 4 (j -yj 

,jjJI pJlc Jj^ ^ > Jl*. Sjaj-o O mi J Lu*^J j'.& "JJ <LuLflJjJI 4 juo^)Lx 1I (3^J t Ja^LxIla 

.Lfral JaT> ml Jx. 4-uLmj^ll [\a 1-fl ^jJ^J (jl lijlfc .S^S laa^Jj)'i < v‘tll tdljjJ 11 will j 

. Lao-Tzu jjluj j^U «5ji 4i jaLI» —j dij fjk 

«• 

Lfcjl JJlCL> l V-^J) I li ^j£. jQJlLII _ I JjL^jLuiSa iflJ-*I IJ 1 j^OiU t^JLJ 

■cA!>^» U^J U A l ^ <j| £tJubl^JI .ii^XA 

Ljlsw j)Vv*k,H <j 1 (jxu^dll ( 6 ^-flJI J ^.1 u ^ 0 plj*^ (_$A (jl 1^3 

*% 


S J ta» jllll (Jjk .jllLI 5 J 11 Lia\*\* t 1 \ ^ 4a_laJ 4 i m JL> 

•j^buiL i-tiia-tijll 4-uigJI (j^kJU (j/viArkJ J o-tjJ Cn*t Ijl 4 <nlrfc£ L^jJ 

* * «* * 

.4_>lc. j I Cjjj-Ail ^1 (<djj d a U.< H a.\ 0 j ,_jJ ^ ' < JjlaJLi 

<? jOiUUI oa.1 j£3 (J? 


C£^aI' J VCVtl l j-c. Sjji-J JaKJI JJlAi Lcujj ‘dj ja <3-al$al 

j oilaJI j jLiit^l iaii Ualc jl Jij fJI 

^jA LflJjfc laa^Jl^3JJ ^LIaJI ^ Iw *i *.N1 1 \ I a ^ LajI Jj i u> 4j»! , iflacl 

.1 jl fl*ifcl 4j 

(JjoAj Jlx ^ fl.CU,A O^lSlI ^j-ola^oj Ua.^JjWHI ^j^la-c ^jl Lo^ j-a^l jojj 

P 

•SjUij ftJfi-a jl jiaj U*$Jji£UI *^^1 

*• 

1 ^ A^ A ^ | ^lC L^a| (j^-QjQ ljj& 

. 0 J Jo^. JLui jld I jl 4^ La jJt 1 jlA Jlx Jlij ^ 

. LxjAja. J/'AjLm.lIo JLI j ULx ^. i Jjfl taJU 
•fiiaLwJI dJUb 4ajQ-Jt j Cuujj _ pLSiil ^jLbJI dJj «j^lj 



jJl Jj J .->■ £ 


(Jj) II ljx*x ^UnW (jl 1 \ Y\ <\ \ 4x1 4 -LsLujuJI J^x. ^jJcu 4 $ 

g-J^uax j^t,\A.*i.aiL 1 fl At^> ts\~\ txxt "k r>lj LxaLucxI .ilax-uu Ci Lijlfl a > pl^jJI Jut 

(3 Ixjjuidx^-o u La Jxt ( j r xk!Lj .(jrt i full Jxa cJjLiLo ^ i/S ^ — jj)L v~ 11 _ Jax-uix 

Jjjo SjiljLo 1 fl 1 xx. jxjxx t Ixxl^.^ llc^ (3 4 L> ^ i«i ill j>-LJ i 6J-A itljJ 


.IxxjJ 4 xa1aJ 1 iSJIj L\ t .A 11 la 5 A dLl j JpLl 

Ijl .^JLfll^JI fJLxJl 6 JUb ^xl jJI ^hxlajjJl ^jJa 4xl^J La Jxt c5 JLiiaJI JJLxxll jfl \r\\ 

jLj-LI J i±i \ Jut 4_»^*Juxll lxxjj5 4xtflxJ1 (3 dllj ji jj L. % t_1 fl "v 4xf^j 0^11 itlx-aUjjl 

.|JIaJ 1 oljAJUl \ 4-fl^jjJkl J £-a ^XWU jl Jl j^LiXX jx Jxt tCjt5l.fcu.iJI ( jua J\_fc£ £ (3 

Jjfc (6jJb jj-taoJ! JLc iojULII jUulxu^l gualjj Jyulox LxCd tllua. 

** d ***** fi 

£> p 0. *■ f. fl. 

(j^SLi Sjl mo ui <j-° I'vjI ij\ (jtc Jjfc «^l£r| S^jjuLUI JxtSLfll Lflcw 

«* ** 

JjLcuuaJl S^pjoLq-lo Jj l j^tx^J jJI ^ja .« fl'liLx 4J^a. j j Jx JlJj-ai 4x1 t» ijp^-LI JjojiJ) I Jt (3 Lo^ 

^Juxxxjjx ^LtSlI aj-fc <Uaj5 Sj-\x^ Ci*^L >^ox dllxA .45x^1x11 fl 1 ^ (jxllaJJj 

jx£l Jut 3^flV> Iflxl gtiAI> 4.fcxif^lx^) Citxxflx Jo Lflx Jaxxjx Loj 4xxljjpl CjLxoJjI^xJI 
jUxUu'JI CjI^)1j 5 jLxxl ^xi uJjux > A (3 4x1 Jj^JlLJlI jjix .4xJxlflx Cj*^L>^ uixll 
<CjLcOu!u1I ^l^xol (3 5 j-cy fcj ii.J.1 jr^l 4 I m\j t^x^xjuSll CjI J1 ojIuiI Jua 4xLLlx 0 _J 

4xSl Jbxll jfi.uat .4x^x1! 4 xjlujJI 6Jjfe £ 4-Xx^pjo SjLiJ j-a tguolj^Jl JjjO ^Id^x 

Lvfl Q jLixj^U CjIj 1^5-11 6JlA Jxa jLxxl dj^p Jjl (Jx^ia 0-^3 (Jxfi ^t_uo1jJ 1 Jya \ m 


tOdljJI Jxljxo JC MU 4 -v 1 Al J (JLx-O JS (3 JX^XXQ^JI pI^J IxljuS ^_LuOJ <_fl^_UJJ 

4uod U olJ> W 1 I 6dt (jNi x. ^uii IjJ 1 J)jQ .^^_o (j^xLflJ Lsix-aLx ^ IJ La 

1 (j lrfc-v*blx j5 it 1 jJ! 4jkJlx Jjlxx ^jj (j^j5 *.,.fl inl5fc*i jl 1 (] * %< ^ A * 6dA ^pj) > \ a \ 11 CjLixAx jl 

.-x*Jx *^l Jlx jl t1 pJaxx jruuxJI lbII 

SSjJ-U 6Jdft JLc pbASJI 3 i. iutm Jpl t^AxjjaJI 6d£j j^nxaj Ijj iu Ji jl jj 

JxjdX ^/vuxll d Lv ... 1jlj5JI jLxX*^l a-LLaJI 31 j-^ljvx J)l ^X*X dJJ J tdxSLJL 

^ ♦* 

^J^jQxll ^SXjloI LaK .^jLxla nu 4xxl^)^JI oLmajjl^aJI JS jlfLu J ^xx *il .SdcLcxa 
^^5x ^yjJI ‘"Jj "3 II ^xxcu t4xld^> jx^ ^ l ^.lfcl^.*) pJx ^pJI Cl Laj,UlU ti5j jx^ 1 

JxJLaiX Sdtcl ^ 1 ^jA J^^xxjj tjllll JxX-UJ Jut Clljl^iJ!^ iSji 3^ 1 J fcl>xJlx 






<^>111 jyn 


i_ Sj-uj CjUU^I Sji-i-a Jj) II ^_» ^j^JajJI (JjJLswa 

. 4^&j3La 4 j jj)In** lx£a_>1 J^ixm ^=3 j^vLai ^1 4.fl.,*.fl..Sh..i 


I CXj Lnu I aK *4 5 ifl J (J^ jai iicLuj JWI Jf * ll «V t /!« (dUj JJUIJ 

Sl^U^o 1 \ i lr. 3 ^ (J i * Am 11 li£ a ^LL^j ijj^JajJI CjLi-ojjIH ^jl life I » 3 j) iX1 ^ 

.Lui> ixuilia-U JLa^a diliA dliil .^jiajJI (JLlsJ 3 -° jl i_fl^jjT 

^ill Lo .dJju fl jnjLuJI jjjoVwull Loj I i\T\ 3 I J^L^j bjJb j^lalUl jual^j 

Lull <Jk£JJJ Lo SdJj^iaUI g-oljrJI ikitlljj OIjLoaLlU^I a Lodic 

\ 

o * * % 

7 JJdXC 4_> 

f p 

.(jAaj J-C JjU^Llu L^jl Jyxi.1 ajjj (^^JLU diliA J h t iii (Jxa. JIJjjju 

* * , # f f ^ 

uSj-oj .L^uiiuj O Iliad I oife ^ aaJLml 3 ^ uA Sjlino a\ Luliii Lojj dimJV 

f. f. 

jjg-UA^Jt (^jJ (jui-d p^Ju ^ ofl at! SjLoiaui .lJuL^JI Jx L^jibt 

M *% 

.1(3 ic Cuoaj ^iJI b'jJb Sj%xuiU djLuiXI (^^-5 (^1 t6i& 

s 

j^-lVd 1 CjLaxJ>jIjjji*. 3’° 3Lft vL> ^1 nil <D^I ^ auj <3 J ^L>^ Cxfljjl (3 

4_^.jjJI 6 jjJ> 3). 4-Ljjia Ci*** d 3 4 i * >.n* II uK i in'l (3^ <4 i im.atll ol*\ i /Ttllj 

. 3^ I i>^vu_d I 4j*j^jil 1 4j0-° 

4Xj^-c ^ 0(3 ^ Jft^u jl^o 3^1 pLlui^U Uiljjl 4jiu£ 4 Sj S'll II 3 (*fl 0*» ^ Lul Jj)j/il 

«* ** 

(> 


U3 J '■A^l Uoic ^la (jiixi 

5jj.mII dJj jjl ^ (jiil iijj-a 

«* 

JjLflJL I fl’K rtj *ii (j^J -3 Q .y-il C. |_J^J 


•r* 1 

* 

UZjJj^ J* (>“ ‘ l ima. 

J^l ^j^jjLio *iLi 

*• 

jl L^j^oj (^Ul djjlaJI j>?-*JI 

** 

.dJj cjlSjX i a>< ^ixo^j 


4 i \ loL 4*C L-tL S i.W m 11 dlt (£ jJ . Luu)l 1 ^ Ij Sjl I Ja^oil I 6^5 J^=». J i-v J llLo JjuflJ L lift 

«k M 

3^J 4^-i^JI iaL^jl < 3 ! J) ^ 11 Cj — 4-Jl*u^JI Cj^j^lI I 3-° 4iuua <CLbj\in 

t 

jJLjIoj, 4 1 no a 11 1 1 xii 3 ,.\-uo lj ,lr*.i a,v \ . lr>ll oly3tl tpLaxaJI 

P P P ^ P 

■ ukKI 3 I cLi^j 4-fl i^iljLJ L^ujLujlA.1 jIjI La 3 ^ 3 £Loj ^ I (] 1 <4 fl */?iIjlJL> 

9 Wa\J 1 1 -U-5-0 jJLuu Jib S^ixll 3 jLS3^l jLoil lisLaii^l 4jiu^ oift J-4 3- 0 







i> £jh 


p ^ t ^ P 

LxijJ (jJJLiJ 4j! t i-LAU LaU I J ‘ _ X * 13 IjJflC. (3 JciAjJI jjLC x"\ II lIjIj ji £j\ ^jXi 

ill 4 \ t a *> 1 Ij (J . I 3-03 .^Lixu^ll 4_*£.ljj^l SjjiLlI 4j j^a.5.x> 4 vaIc 4_j j_Lzlj Jjlj 

.<lU j-) ^LaiJJ 1 ^ ^ ^^aj t(^U j ♦ 4jfl^j_a_Ll I^lai (JLo-Jtllxul 


CjL^JII J-C iujbJI juij Jl jJooj ^jULoujI jL£ 1 oc cjbua.lt I j^J J-ib 
ci jjult .bLul lu — Ot^ 4Jj f^bdJ ^jULuJ 3I* _ 

S J-Ojdi J ^jIj amt £uo Jj 4 hi all 

^Iniiii S^-ll C?Uv3 <Xz*\ £_a S^^JI *_>» 1 1 Loaj .<jjJj!£ j-o^H 33 -^-* Jl£ 


• *. ^ tA 


Vui 3^"^ — — gUJA ailj 


>rr 
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^jajuoLaJI 


j jU-JI 


Lxo 1 t ty 


Aj <LkJL-uaJl (JjLoJLI Jya j^jiSLII ^6llUi Lo 6J^>. <_£j-o Lo (jjl 

l ^ l A. 0 il ^_^_1 ^lJ ^A11 JM mil J ii^. A (3 4 -Jj 1j< i 11 4jlj-u^J 1 A^-UiiJ . 4 icvA in 1 

H * 

P- ^ f- 

Jl ^l^Jt oLjUo ujjJ caj <>tNLuolla combinatorial explosion 

CjLloJjjL- 0- 1 1^ Aj, * Loj 4 \ t is-\* 11 AK \ /r.11 ^^LaA^ .d v i ALi j ( JLc 


ic-j) nl I jJkl^JoJI 6 j-d> jJlxaj Jjt jlAo-o Jaaj jj tifljjJW J-C IjjIj JjB J^oj ^ %lVi~ 

j^jl^^ <£_jLu3^II CjLculOlJjj *4^.jj^lljj <4jjj>ri ^Lj-lu^IIj) Jibutijj t^^uu-JI ^1*\ II J!Lo 

>j^l Jvj ^1 it JlS all J^Lliil (J jJ-aA J I oLlo^jI^-^Lj .4 \ tAjjl ,jJiaLii,l 

tJLoiJI Jl Lo 4_j^>5l ^Lu^JI oLUxll Jx=* J[ JL© jUliaJ cjIj!^> 5 jlAJSl (j^-> Lo 
^L s (J^flJI Jjjl -4 ilil'-All! Jj^l^v-ll i5 jJ 4 \ aujJIj diJt A A^. J| j\_ i£l olly'L-iuJll JdH As i -*. 

q 1 Jfl 3U J-C 1Ij j L\ wii Ji «4j^ j)) p. l^J jj ‘ j} LjJUU J^O Jya 

^ I a A" jji! I iJL* L -^ 1 Lo LJl£ cilj ^^3 .L^-L^J LA'ill j^s-oj-^j ^jJI JjLmJLI 

^jA'ill J^LJI 1 \aL*A 6dA ^yjlslll a tlA Yt.l1 CjIxoj^jI^^J Lul jj^o£ 

M * 

. cl lAibjj Lidb 

CiljrJ-ilUj i ^l l JjiaJli • J-o^l I*1 a t3 ^JjLiIA d y.. \\^ li jAsi (^_J_LsJ Lt tdllfcj 

CjIIjtLqIjLJI ic jav a. iijUJI p till I wlJLujI^ J jAcSI J (L^jLSIjI JJ_ 

JJ£. Jj JjaA J| ^LUAJI * Jlill J-c- tijj^IcA .i^j^LLI 

d a 1“ A LI d\ \ til d 9 t v Uj 4 CjL»JLa-o^ ^A ^lll 4 _l^JI CjLajI^JI 





(Jj?k,H 3 ^-fl l3 (2)1 ua>.1 ^jJI (Jlil-AjliJI JkA£.jj iP-Lfi-JI 4-jTj 
** ** «* 

6dA (Ji-0 (_yaLaJl 1 \^ \j0 {J\-1 ^-sii-LSI I .1J ^ ClJ\jd «4j ioLx.^1 

Lo Jl J^J^I Cxflj Jl I dLl jJ »UaAJIj ij^^jJI L^-v.lc (jligtj ^jJI *cjljljiL)l 

«l\^>tfl\l I 1l-k /> lA^j} Li_j J_jI ^ \ is~\ (2^o 4a^jJI Cj^lS!i j)X\s\u7\n £xus\i 2)1 vj-^-® 

Sj^j*o 1 ^ jmqI Vi Ljf£ ^jJI JjJl=J1j JSLull j\ j<3 .( ajLc. Lo <iJL^ (j^l 

.JjlXJ Jl^. ^j. j) xi \ 11 4 Ju11j 4j ») L$3l 1 Q i^> jJ ^j^.1 4jL)jJa^ - L>j a * (J*\ Ax \ 6 J.~v*oj) 
* 4^g 41'l^. ^1 »vJ ^Lojj-oj! — 5.wall JjLuil ^Jlc. 3 ^^ <2a-*“11“^ 

4x^1j (J£Lj jJLaJI 4 j^.1^j> JliJolS \ Y\ \ I H 3 4i£j^_» ^LlSJI <4»2>j^ilja 4 i^ nf j\-m 1 


JjUL i . OLA jl jl \\ (g\ l'ofl S jLC.J <^Jl*JL> 1\ AQ^JuC. 4 a i V-U ^ \±~ sj i£_ujljJ1 


«.context jUxu.ll» 

^ 4 \\ 1 < 1 <3 ll^~l m) Jj&)> rino 2>*L)1- 0 JLfl L^J> 

(2)SJ <,j-laJJ (2^ jLajj'JI JJ& <4-11 4jj^-I^ ((.^Jai.1 {jC. I Six \ ^jjlj 

p * f. 

4Sjo«ll jl£i^l 6iA *JjLl1c. 1 (3 ^-u2i 9*—(^1 (3 ^jl * ig -l (3 4JLuxil 6uiA j> \p (JjSi 

* oJj jJ 4-UlsJ.I 

V k « M. 

,>1 .4-iJ^jrliJ^II ^.kxj dlu-ii.^! (2)^ ill U 

H w 

cjJlI ]rT\ ml (2)J >Aj,.Va£- ,4j!»Ij^J 1 J1^*~i> jLil ji ^ jJcJ.1 JJ 

(l)- 6 ^-1 l- 4 (2)1^1 (^■ 4 ' v tfl^Llal <nII 

J^l ^JLxj .4jijLc. SIjLlq (joj-o^llj 1 (j“it»„1 ^jJI SijLil aJ 

«* M 

.djLi^jLua 4 Llo1xu a[ > 3 4JI 4 Us ...^ ^Lv ^J-Lv il 4 ^aj 

(^LuU^JI cl^jJ JIaC ^\j Uw7.11 ^| /jj ' 1 a " ^iJI A 31^1 Jj'ii (V ^ Q 

Ul>^.l c'JSJI IWwn... djj (jl j dLS.1 ^v.<l .jtiij'JI Jx- 

«» 

.goJ^l j i»ii J5ll ^1 !ju Jij .J^l 

Ij-o^^<q JAfc 1 /nl^ a.i.uI (J^oaj 

“ ' ** " mm 

4 p 

^ vie ( 3 1 ^* 11 (JjC- CjL»jLJ.I 4 I <nI mi (J^_=k. IjLu ^_flJ 1 LjlaL^uo 

LuSljI (2)- 1 >^1^ ^-ou-iJ 43Lfl_xlxj (2^ 1 “* (>jJI (> ^ ^ 

' / 

i^UUI I Xa> 3 •j^^Lc.^21 (JjLuo^ Jc 3>l^* 1 JLuaSl CjI^Ia A -^“ 
j-jCi j-iiuJI (2>° 2 >-q (2)1 2)-° ^jjLxul^ 

2^5Lj ^J eUj 2)1 (Jl^^ .cjLjLiil 2 a- 5 1*-° 4_i2.,^2^JI SjrLcJI (J'liLi. ^3Li^.^\J 



3b-uJl 


p p, ^ 

£- 1^9 (3 ^jb ^njulJI (jAii t Jj^ .4j ^!l i'Jjlt 

4jl ^^liaj ^ 0 ^ ^ aJ ^jabJI dJbj[ (J^I^j 4jl ^jJCj La n 5-&>3 4 ^£.LflJ 

. JaJJL (jij 

(3 d A " 1.1 i ..1 qI^jj \\ a^ .11 "*k. \ tjul t—,o£ J.l util dl^dJ »;j Lo_i^) 

4acUa3-o>l (3 . 4 jlLc |^Aoa j^jfl dUdJ .^oj! (Jjulaj LajIjI (J U" 11 

** M «H “ 

j.o7i <n > <j-b * ^.LaJoJI iJ^Laj (Jj-« iS-^y^ ^ b nAl 3 4^,jLlu1I 

cS 

.gjjjJrunll (3 4lLa_iJ)jl) J_lo 0 ^ 1^11 <j-o djJ>-U ^-UalLujI l aK lira a 
... ^~\ \ n\x\h\ CajljJsj JaAfi j^dGl ^.IjI < 3 ^b 

«• M 

oljHOJ^i-b Jjuq O Lc^jua^o-fl bJJb ^JXq jli <, uj ^jJ jmJ > ; -UH < 

^jxuJ i4jL_kljG.il pLal wnll GJX-LualLo S^)l^c 3 31 Jj_Li d \ot -v 

Jllll J[ 3 * Ojj^f ol ^f =*9 Zjy± 3 *uub La L^Iij {ja 

Lodic gij-ijjp £jljJI Sjifl 6 d& Cul^ .<LuLau) 1I iijJtil Jfc£ ^q JjoLxGJI k *4J 

i t uj (JjLO 4jj| ^ATvl ^JLt (JLC ^UJI ^jLjJI Ol> J^I II ^1 ik^l 

i^l_LxJ 1 4 a J^d^-a 4jl Idc. Loj.fi 4j^J SdJ^b « < ^-^*^» 4 a vIAj pljL ^jJI 

.^jLxJI CjjdaJl (3 6 J^ 2 *^a J 3 I Li A11 4-31 -uj b jyc. 3^ 3^^ 

3 -a 3*^ Lo J! g“ ij.Tk \ <4jjLi j^II gjLajJI 1 jJUj ^aJI 4GG_flJlj SjjLlI 

.knowledge ^y-a-uLU La 1 j 




— 3^ •“» ^>^-1 u-uLa. (j-aj ^ La cJjLa. ^a 4_fl_dL^JI Oji^jJI 

^ I 4 3ol^ 3^-^° ^ (] 1 L- S^>Jaj-LuJ1 4G5v-a.t ^j-o Lli \ > ^.o (Jaj-J 4jI ^-tdabJI 
3^1 S ^ II (J"4J i4j*_xjJoJL Laj^^jlI JjlIaJI >. jkini lia .Jjal^JL 1 (j la^ \ 

. 4jj x a iaicLC j^Jaj 4jLa^Jia 

Aristotle j-Lajajl 

a. ^ kaaa. * t cU J 3^° ^ . UquA jjoJ Ij-a I u / nil 4 a il ml I sd=4J' 

dci^jflJI ^ja 6j3j 3"° — d^ a>„i I^jLul^I |xJl4 ^jJI 4_jJ-a-*JI ^j-a 



jyu 


<cjLc^iJlj <sLxaJI 1 $.a Lx.1 jii I cj! 


. Cj I a *y 1^11^ 


Marvin Minsky ^ ■XUJuO 


p w p 

L^_Lq ^)d£ 4jjJ ^jJI inVjl Jji) J,j| t j* l-v-v- JjIaJI <j1 ^J 

SjiaaJI £jC. 6JlJul> 

Thomas Henry Huxley J.u&jt (jjjJt ^Lo 


i^oaXI ai jjdl 


c.v^i11 1 mflI aj L£ ^1 g-jL lIJI „s i aYiI <Laj1 m*> ful J!»Luj Lo * jJa 

J-* 4j^J £_i^ojJ I Ij^iJ I \ 11^ i i. \ 11 1 i —\ 11 JfkA l < J-<0 LuJ 1 I 

^'*1^ \ 4 Ifl jnII Sj^lUl g-jUUJ j-uulxll J) \ iiV\ll j) .4-fljlii^j ^LlLII ^J-C j jJL) ^jJ tifljJCo 

^j-xJ ^jJ .L^-k Ijja ifljjll ^^olxj J| 

jliaLj (JiSlI Jut U a\ 11 Jx. »—fl j Juil 4 > \ m * II 4^ j Mi.ll ^Uoj I J«uj) .gojJa-uJI JX-lj^ia 
4juo^jl^>- i Ai^SX s^ .IJuJI Ijja Jifl ijP^ L^J ^1 JoLqj^H { j^£- ^ Lc. 

,4-aiilJ (j* "*^^1 j^lU 4_ilJ lj 4 L%q \ 4j^^JLxi 
4 -ij I Jjui'J I ifljJLU (j^-l i4_>^5 ^.ila.u a ^/ujG 4Ja^unjJ 1 4_> J I LajJ I j 

•jd>T c^I j-du <jl U>jUl£-lj 

4_kjUuij^|l ^jLolll jLaI^I (3 LVrfiirv.fl tj)3^' ifljJtM Cj L»J-^-Lfl dLljJ 
jjLiiLi ^jJLj . 4_l/ u LlJSI I cj! j\ j-k,il ^ i L^J ajj^H L^jIj^I j) 3^-ujj i 4-6 j^jLlllL I 

4_k Jjulil 4 \ I \ ./>jj ^LaJI ^.ilr^Ull 3^ 4 julu£lC 4^v i fit ^JjG I JjI 

d '•v t-v ,s^\\ 4jQu^JaJL i jjjj-ujj-* ^/-C- 4-XZk3jll 
d -V Q ^^pjj-jl £±\ . 4_> dJ j 

4jU .LijKilj LljjUd J j> «n ^ — 4 jLa^JI c£jb J jl 

:4 [ ^ialdo *- laa " ^ya 


oIaaIII Jx. L_AjjLlll 3 5.„\ dJuXJ 


•^1 





d Usgl s * cortex £*Lqx pLJ d vt./>r. d >1^ • 

.4^.^!^ tii^JLa pLljjli!^ /d t\-N. <4 <uflLu^i ^‘* fll^-=w 

t- 

. oL>X->xJ 1 oLc^a^o cj-°j gdtid j-eijj ^pld3 ^a ajm ^LoX cL^JJ 4_ijljj^i jjljJ • 

p ^ 

£>lx^!lj VJ Ulll oLj£j olsuu ^hippocampus ^j-ol 3 jx • 


>4.1 ui'-fc 


d>lj->x->Al1 (j- 6 iLtuixo JLl «LuL»^|i ^jljj j-a <amygdala 533J • 

.6/Ul£ tg-LI ^ (^ialLo 

\ 

4^JIax ^xL^Q ^Jja 4.0l*\~x £\ £^jl d [ 1 jioLIl (JrV-i JxLill JajIIj^JI IX4 

4x.j)*n.lI j 6*iSjlII cjliljAoJi ^-jo L$J"^Lv J^LxIj ^1 x^l jj_ 4 oLojixiI 

jj.1 Seymour Papert ojr^U 3 ^ ui.l<0 1 p ,J ^* .^1^-pH-luLj ^pjJI 

•* ■*» 

- 5 ^ 

^ lx) 4 r>lVn> tin nu 6 jaJLuS 6^iiljua ^y-o j\j& XXC- Lj^SLo)) 6jl itC-L ^jLllu^II 

^2j 4_i_yoj 41 juAjlulX (lsvfl-fl Luaj-s*-) Lu-i^y=fc 4_Lfi '%lll ^x~n JLO a <a g-.cn a 4 \Oj | 


(JjLatl ^jja (JjClsJI girt » A i ^Sll 4 \j? j fl 11 giklll JjI 3 1 fl \ i,A i j <(. 1 1 (j*\ 0 L U2> 1 

j\ 11 4-fljJt-o ^ya g-Ll 3 ^laj Jjl 14-udLiiJ 1 Lfl \ fl ^ i <qa > 

^ ^ i -I *0*, 

X fl. > j^jXjLiJl ^)l ^/UuJlCU (3 ^J^LllU ^jl idjlj iX^ 3 A^J of. 4 >Q I*C 

c l * AN I 6X4 j 1 d to K J^at. d 1 A "*C 11 jl^L.^1 6X4 l jlA^ p ^ * A JJoj j 6pLuIiI 

4 


ij^UaJLl 3s jjd.1 


6X1*1 >oiil ^ya ,^J wfl?i mil oLiX-^J (J^.1 ^*uaLaJl jlifll ^^Xj tjfl * II 4j^L^j ^ya 

itjvuJl ■_ x ± 1,1 * 111 d v ,n \ II \ ^L*. JlAi ^..irv i<o 1x4 .1 a*l^j 4 1< z 5 ?! a JSk 3 Q 111 

P p 

I tii t 6j(j's <y djSj: JUuQ Ul 6' ^jc j. .LjuxJ 4 t /. ij^ 11 ^jl..% jJ tn ^ dAxLa-Jl 

^-ujjsLjlLI i^JI ^ya (JJoj 14.0.jL luJI £j\ j^XlIII 3 ^A^XLxJl SxLc^l LLo 

.4_xxujjiJIj 6j^lxJLI 1^1 juj\ 3 4JL^- J^\ iJj-oj 3^ 4_aj*A 1.1 4 j1 l i n i> 3 

P P P 

t CjI Hi n mil t., „fl.uaV4J> 3 xLa. J^XIu ^JL*J1 4-fljjL.gj X-j^J^j 7-0 l_j Ixj 

g (3 ill aAz. (jAJU^XiJ .oLulUUlxuJI 3 ^fcldia-1^11 pl^xJI t*• * 1 ^ N (J^aLXJj jJ&jj JL^-jO 

ifljjlll (jiiXl^o JjliLi .^-oLaJ.1 ^1 <_n \l-vll <JiLa <JL^jo 7 Ua.j «ii^Ji-a (jx»X i(j > 0 )) 

«* **■ 

^XbLflJs I (JrO oiiM t 11 X-j-11 ^-fl mj.ll ^JkJ ^XJ d'i^ t ^ j^juQ^J s 4 a^X 3-* 3^ L3 ^ L ^ JLaJLl JTi_La». 






jjij uLu:ap g-Llil Jx oliMjull 6dA (jl gVn nn ijl cSjb^ O 


3 ^ iAVt Jl5 , JHL 1 (JjjLXU ^JuC. tj^.|ll 1 1 J^k ii^JCG 6Jucl5 ,<_ 1 xuLLq pj) 4 JlL 

4 7kVi I i^jJl 3"' 0 O - ?* CaJ^ 1 (jl s 4 /n’Vi fi I dJsaaljrL11 olj^kpl 3"° jaVC II 

<_ * »' < jlS (jrPj)iiLJ^I d i/sax v 11 OLi^-ixul 1^ i Li L/4j) I j7_fl^pLcu^ t { yu Li^*^ 111I 

** 

3 Lit <^.1 i iii \ ^jJl (j 4 jJLc j £. i<) oLijp mo pjJj. i^jJI J ji^ iit 11 3-^ 4 jJLc oLwp nip 
Li 4 .lai.iljT-ll fo^lill 6 J-iS <J!Lg 3-' 0 ulilyJuJLj gt-Ajpl ^LLa.1 11 ^ ,£sJI ••• ^.i^uTi 

**C- 

.6 j\ i^j 

p p 

3 ^ CiLu \ * i mil <j 6 jjjJeu ^ U.UJ expert systems ^jiJI ^ tv. jj£I a^l 

* ti-g^JI ollj (3 Loj 5j5*11 j' * q" 1 ^LLl> .M\CIN £j\ JUXJ Lo 

' W 

f_ 9 „ * 

^ xATtl <«4-iijj^(l 4 > i tr^.11 4 jjlajsJI>> d3^a <3 4 \ r>^I Sj_ij3u 4 -ujIjJ 3jj .^1 ~k mil 

pLlLJ 6 jjLuaJI at 3 - -0 JiA qI j| 4 -i^l urn CajI^ 4^LiJuapj^ J/l-cluLq pi ^ ^ ^jl 

.4_uj 3 jJ I ^Clu 

^Loj La 4jj5j^j ^I <._v^J )a j-LC (J^JjuxiI ^ 1 y.il 3 ri iAii juuj Lo olj£p> L >Ax_ij 

I LA^^dLk 4 x^J^qj SulcLj (3 P^J) * 03 ^ Lck^ 16 J^p5 j-LC. 4 JjI 

L^.*iiLc ., ^pJI 4_iLu^^l! «\» dul^ Ijl :YA • ^■*■»*■>Lo SjxLS 

pLi p «Y))J tpgaxJl ( jf£. 4 _=kJjLJI 4 -iLua^l ^P» ((Y»^ tLil^-uJl »_il_pJI 

LlO^JLA 1 fi iutArfi (^^yu-iJ {> pVip>l {( i ))jj 4 JLaaQ 3 oLul^ 6 

4-iJjum^^pJI jpaxJI P-ljJ 4j-i_i ^£b 4Sl^\l ( ^A >^ya « 0 »^ t j.1^L 11 

k% 

c <-< fr 

((V»j ^jA-ip .1 (j<M~k. (("\»^ icoccidiomycoses 

«k 

JjLmJI 3 Cryptococcus ip3JI oljpLU oLij-Li jLiao aJ^o 3 ^ 

3 *^ 4jU<Lj 0 • JLaVatal 3 L1 a «jjjk» •4“^! cs f cr^ 1 

++ ^ 

. 4 _iLu 2 »^l o i±jjj ^pJI oLuKJI a^.1 d to-L11 o l^pvlI 0L1 j3x2 

kk 

3 j^ 1 o t 3 ^ CxAJ d t JXI. v\ A 4 _cl\ JO O U^l^l >v Uv 3 3 \-Ul-i Lq ^-Li3 

r .JLJI 3 oljjJl £j\ jLlU Jl N ^ A * 3 

JVoj 3 ^pjl SJjlpi oUllLL.'jl L^ljj^l .g_puai! 4 \ m\ILi d <>n1j oLi^JLui 3 LlA 5: 
4-LijIj^ ^J)fl flAJ fl o Jil ijjj31 4_iJ_auJI oLiLaC ^jJXj 3 

liSA q. V"vll 4 ilrt * Jl ^1 j 6 J^>pLl 4ijJt3J ^-tulpl JUJ.I 3 c y ^U3_fl »4Jaal^j 

^XjLklil 4^fl & ij^ 1 03^ j’kiuuJl ^1 3 I 4 t a 3Ij 



jLuJI 


' ' Ic. ^ 6 i^-ullLlLI 4 * i i Uv II i 4 - 5 '^Lt 4 J ^LaJI (J a 1 i 3 J La^ < 3 J J . > t nij , ^\JJM 

.JjLllU^H *_3^)LjU3 

31 ^vck-i^ J \5 »*ill 4 jl!L> iijJtil . ^IVJI 6 J-& JILq 4-cu l mi fa 4 K u\£\ 

. P1 \Y> ii\\J Jh> J^vT> l j5Ll 4-fl^Jtlt JJ_jLuJX£wO 

VI 

P P P P p 

L^jjJ jl tOjLo j5 33 ^ o' sj' j' i> ^ ^ *’"£ ^ 

fir fir fi f P P 

I 4 J jI ^ jKj\ju?i (3 Lg_o1d3l oi-alll jl 3 ^ * 1 *j )■*■ ^ ^ jI *^la.I 

(C.4 imfl-J (wiLvxu'J £j\ 1* ^ 4-=wjJ <JI 4 -Cj^q 

i—flljj^l .4 -S^jlII * >1 ,.u£l 4ulaC 4 XojI gLirxu iLlj'ill 3 3.J-* ^ 

i^xu, <*>1 I ^Ij^jJI — | ^jljJ 1 ~ v U.\“ \ \ 3 ^ 3 ^ ,.\ 1 j ^JjtjJl oLauSl <UuiLudl 
4jLfl5k.ll 4_i_fl Leu 4_i^S 4 fljj^Lu — lijjWi 1 I oLusjjI^JJIj i4_uuuCk_xJl oK > <Iil 1 j) 
i^oLiu 3 1 O^^Ll 3 SL-CU Ju> j\c ,4_uLmj^jl 4 _A^jl 1I^ 4 a Ul |\ fl-fl ^ 4_2* JLaj ^ iVJi 

Lo j\c JU>jjill 3 Sj_Uk ^ Lv J| 3j)*^ to ijruLuJI (3-i-o^ .1 (j fi\Q n tlj^fl-ij 

jisLua £jU* 


iiill JX <j£, T^JLill 

3Lu2> ^ii.v 1 lj iCjL^K 3 l^JIjI^l 3^- A - > 3Lu5> ^jjuJ 


,4 AjX^Jd 4_fl^)JUQ 


Seymour Papert cjjtjuL 


S4jl^ JllJI , 


45LcuuII 3^- aj .dleuui^ll <J>^I (3^° cllLaxu'bU SjAjLQ^a -v 

dUj 1^-w ,^ujS!l J^-i 3^° i ^ fc s3f ^ «5j xirf^JLI ^Lx-uu llL^cu 

Ajaaj .^\* 11 J^-l L>° Cil^KII • L)Li-uu aj jjj^l J-c. 

f. p 

CjLclKJI ^OU 3)1“^! -CjI aK II 3^-A-aU dlVv^ \ II Jx. clilj) 

o V '^ ^ {“ t>J 

' 

Chuang-tzu jaju-gtiljji 

-■I ''6* J .Llifl^jl_4i a^uLflj LgJ^Lk ^wO 1 Vt^ ^ t ^jJI 4 \ 1 11L*u^lI 4l itn ^Jl ^Jb 4 a 111 

*!bL^jjQ LujJ 3)1 .llcl^jl 3 aj y±jx£ 4..,fl.j.<a L^jl \\cLi LJLc 4JLUI j^j 3)Lau^!l 

^jUJI 3s>^^ <3 l^x-yA dU3 j3uu Ll^l % r>l 3 llfljljii q II 311 1^3 

•* 44 ^ «• V 



<s^ LU jy» 


Jg-uu ylLL a i Lj Julj .4*111 gixlxa^ CjLu^^j J| JjLflJlj JA-Ao LujJ *JI^ 

^j_xa j^Lii\ 4 v I aC-^ 4_fl^)_xl1 Jx S^i^.ixii.l 1 Jx Lujji 4-tul^jJ JLclxLlu^ 1 
j IaaJLaj Jil o aiiJ SjxLLi L^l <4JuXjJt Jx cdJj vtxxi ^ <4x111 jrCLL-a (3 dexJI 

.L^Jxj ^AJ 1 4_fl^)_*_L I Jya Ll^j^aC 

_ P 

pljjp <m,a J*}L^ J-o ^^-AjX J ml m"t olj »_>j)V^ 11^ ^ * o tall I fl 3 4x111 jl ,\y.\^ 


C-I^xu (4x111 p fl Q \ pi lA\ll JjLfl clijjJ Hlfl (3 (jxtlojjl O^L=». dltjdfe^ .SjAxLa 

p^lKJ 4 t<All 4 A -v" ,<.M I <ii a 3 4xoJjO iijxl <4ll pi jl nul^ 4JU i^utSlI 


ji Sj^j^vxJIj <._>^ \ dUj ^ji p-t^) j \ ^Lia.» <<jLa1i (j j.j 411 jx <jLluj^!I 

jl^=JI 4,1a (.»!p^l^JI L^Jx gGAj ^ 1 4l_> J=A \^ *p s il^JI ol J) i^>l 4 _laj ( 4_xl^ 6jj) <<a.> 
(4.x>l5lJI pi J2kj fol 4 CjL^-UI^ oil.ill 1 all"" ^jJI Oj-uaJI JaLojl^ i«^i II 

. 4" t~t , Q Lj-o ."i rt" ^ jjl .S-v * It ^ J . />^ 

.4jxux> Jl 4 jL=.^I ■ *’»--d l ^yd JkXJ SJXLO IJ^JlA p Jfl V (JjJxJt ^jluLQ 


^ phonemes oLax^iJI 1 Jj'K* p^LKll ixxuLuj^ll ol^x^ll <JliU Jj t m 
olj-x?il <^yd jib^Q p_sLlj aJIIx 1^5 & ,(ptkee ^X.*l> djl pllal (_^L» 

yX L^Jtl p^-j) 4-^j LuaI jq 4^o JxxluI I olc-u^flJI Jjl pXj^ .4x111 3 01 a IK II ^Jaillj 

^ lUI^ I C>^ (5^U=^q 

. jko *3 ^ Y * 4^LLJt lx\‘i k > ^-LkjflJ p 1^>Q o ^ * £)-o J^l t (Jlxll 

M 

^_iLjjJ1 Jx J^xJI ^yd Jjjl.1 4x111 ^jljua^ 4 v \ > <Jxl / jia Jx 

JqI AI > 4xuuljJ ObAJ 4 x111 jlln\ll .4 11 4_a ^j).xw.»H 

4 \ If- d 11^^ La 4 L^j pj^fll d^-ll JjSi\j oLclKJI p >hn 3 


Jj-U-i iJ \ C. J,_irw d^-t pj)..fl. 1 ^1 j^j J) ^ > o*S I lj 4-La^ ^>ljx[ p In J 4 > i_il_^. ^yd 

4_l 1^ ^a xAi J^jpxJI IaA» IjJLill iXil ^ p dflJj . -A4' A4 1 l^O' 

*• «• w 

4.1^1^ 4jLlaajLj 4_j AlttuaLfl - J^Jl 4_J| ^Xu) ^»UI IxfiJI 4xll _Xjlu ^aII jLflJI 
jjkj ((This is the cheese that the rat that the cat that the dog chased bit ate 

(j^ ^ Ji 0 13 .4-c Lj 4j^_uu J ii/i 0 " 11 1 4jlj^_o J >l~.~> i Jj'ilSlI (jSJ ^ujjjl jllj-j Lo 

L^J (4-lxa. (4. ^jxlLoj^AujIujoLq A^ 31 d 3 Lo AX < Ken Church j\.l 1 u 

t^ys j^xulCH Jx XoaxII 4_ijJ (_>Ij^C^JI j l ^ 1 ^ fl (?uxx j\ m fli ^_i^_lLq 

XalxLI JaxII ujI^C. 1^ pl% \ (^1^1 Jxl p 3 <^>*l volx Cy^^S ^^IjJI p^» "4 ^ 

^aJI (jjlijU ^ Sasumu Kuno jy< ^-ojxuLo ikxol^j > 3 

«* •* 





«.Time flies like an arrow Jlo jrU&j 1L^ ^ 4 K ^Ip 

.LaLlAjO ^ya LqLoj J^Llo pJ 431 ^ 33 i 11 ni C\ 4jL^I ^ ti/Vl L 03 


ur^ 


dflfl 




xaJI 



< pfl III J^li&lj La^ 4 x.^-uaj — ^ * ZyOjJ^ ^ ) 

J V. \ ~*3 4jL»jJo ^jjJLfiLU ^)J) k b 11 O Ifljy J ,.\ -> "k LLo i 11 > _yol IjLA kojj 31 (T) 

i «p < i JI (JjlOj Lo ^Jli-o jyj-LJ I Q ifl^3 JJ^>» ^1 4_x4ij V J 

4JLJ.UJ ^1 i^Q Q >Jj3fc j I Lxo o 1L» * ^yO I Ujj j! (‘T) 

«* 

<«pfl mil 4,),»u 1 jj) ibll CuijJ J J-=*»» ^1 

’ «* " 

jjj l^jjJ p-^L» <>> J\ ( 0 

1 . « Lo [ .Ofl <11 i—kA.*i ^yoJ)JI )) IpLfl^uJL 

4_fl^AaJ . ^yj Lijj ^ i Ijjfc (J^J LlA JyO l i^k * \ J Ljkjl £tJublj)JI JyO 

IaLAjjlLj .4u^UJ) 4> J^IL J^lllll ja nifl3ll *L<ujji> 1 VX ^ * <pl fl /nil 4 \ An ^ jjy_LJI <jl 
(iLlijJ} .£jjjJI J\ mfl.ll I JyO JyO^JI jyjUd ^4 f,I.U ^Ull pLlCu^l 6J-A ^JlLo p JJU 

<^.Liii> ^-^ 3 ) ptfl inllj L$_*jJ ^yuJ ^jj) kbll Jjl 4 ft vO. '\. < \ ii^Jill Jyo 41 \\ i3aJ I oLuq^JI 

OlAS^j JuC. Sj J-flJl plfl mil j^xjoJ 431^ (4 a.< oUJl 4 _jjp-3jJL> j\ ijifl*ill 4-c_>J^J 

6jLI£.Lj (Jj^II LajjJ j^Lui (^liJI jta otflTvlJ 4.^.0LoJI 4_»^voJlj AxujJb) 

4 JSII pl^J ^.i.Lfl.3 4 jJLclC-J ^JajJI (J ml U.M J > J.rrw Jyo .iiUi j .jy^u 

Laxfl^ 4j»J ^ Qj) cT\ m^Ll JiicJI IjJa *(^,>=^^1) jn^C. 1 <ofl 'lA 3 ! nCL) 

Ojj^i^u 3 .4jj)3<1I 4x111 { Jji. 5jlr> \ lit II Lv.x t «4^_^.^1 Cj I 3 JLXU (3 i 1 y'u^k. I 3 . ^ ^ 1 JJLl 

Jju Laxfi pi i 4130^0 4*J ■ jy ( J^c 5jJflJL> Cjljj OI 343 JJL 0 SJ1 

P m P P 

oljj v..\"w O-fi 3 (3 if^flO 3 4-i£-l\T\ 0 I 3 J- 0 L p- K"” 01 -U Jj Jjxl < 1 Q a(| o3 t fl (C>olt3 

^LJ^j JLc Sj^UaJI 6*1 a p^_fl 0 LuUJ .^joILlU II p.'iSJI p^i J-t L^jj ji 3 

«p 3 _^_JI ^ 3 -^)) ^_j ajuJLujuo 3 Cj 3 ~» 3 jJ t 4 \ <v-v^ CiII 3^3 tJLHI ^ > \<<> ^x. (R. 2 D 2 3 ,^-cuI 3 
c^l t U\S 1 ^JaA) Lo-o ^ I 4_j^iuJI CjLxUI ^ya p (j fl 1 *fl mi 11 

P P 

.4xl^5 l jjQ 4>j) a 4 ^ I (_£/ij-jJI J-aJ 3 J ^jLi ^loLaJI 


.4lox 4tlofc j^LUL jjb ifijjdLl cjLuuI^I (Lo Lu-uj pJjul Lojjx 4^1jJL j* nil 
SdSkLLo OxuJj .^jl^Lo^ll J-^l ^j-o 5j^lloJJ JjJUl J^b LoJllp <4ioL^ 






. jf^JLl 0 J-& ^j-o 4 10^ It (j-o 

*% 

£-0 1 (] *1 fl jXO LilAA I Cj IjJJ) 1 \ <ft*\ 11 J^-OJ .(_£ j-uluJI pKdJI ^ J^A l , A > Jj-O I ^ J^A IjX 

iS^ijLus 4 _sjjlII p^uUjJ 4 1 wiij tijjJ (JajoJ ^iuJI .4 x.^vlu j} 6 ^%!uLl-o ill \ fl is\% \ 

. Qo>IuJ I ^ i Ij. 111^ I.ull t4jaIajJI 4 a,J1 4aJ-oX Jj-o ja^I 

S^jjuQJI ^Jju 4iL>jld (jii a.u |i Itl \ 4aaaxulI! c>l.^A.aJt yi<jl Jiu ^Jl 


S pJftAA ijrLAJLA Jjk 

.LoLxa Lilia tOljJLl L-i^T JaLoj^ ,jjuj jb t tg> uAIL 

Ja-C yl I 4 X 0 Jj)i^5xv <4jAA/“\« II Cj l*\ 1 m 11 Sy^cJsl 4 fl rf-^il ^Jk uli-llJ < A X \ 

** * 

£_aj .JjLflA yl Lfl \<o £-2 jaa Lo£ 4 lo..xii \a J-lua J-C- «(jLu*j^ll 4 \ iur\ * H CaK 1 mil 

SvaLLoa 45v .1 mil a In a JltirvA La 4 fl > >Im.> iii.o jhiJ I IaaI.^a <n pLaa LaVC ^ i dUj 

V « « « 1 V « ft «ft « m >✓ « M w p, « « «« 

ill Jx ic^vaj tfll : A iiil l^iL^^J jx H <L^_4 ajjjjJ 

*<Lo£ljUI I fl~ 0 j-*-° 6 j-CuIa-o ^-xul flTi y I Ca*^^L i y^-aA . (_£ 1 Ca^I y-a (jo’^Lo ^X jjl 

( _ )1a ^il Jo* I I.Va j .dilj J * fl a yl IVJxa. i ^ jtjuuJl y^h-j .^JjlaJIa Sj^.y ill ^jjJLa dLlja^ 

6j^ i Ljuj^II pI^jJI ^yixu_o yI olyjj) va^JI J L^xx 4 jIj 

ft* 

.6ljl I n 

H JjS*ii»U ,J ^ijjiJLl J { Jlc- yjjjLS La^jJ^a^jJI OlaAj yjl 

«* •• 

.j-^jAU I j*Xa ^uu-yj ofl 4X1 ijji.1 ,JLc. jU~itVU ^ 111 _* ^Laxuul LAf 

41JAJ J< An ,jLttj)U 0 ',,->»)) fJLJIj jJLxJI C^i JL^i^l 4aiij 

P P 

. 4 ,11 a 11 biUI J-uj'^Ltu Jl caLaIa-JI oIjIaa 6 ^vuIa-o ^jjla yl Jx yjjyili v <n 

ft* 

d t\ll yjl jjJI y| (J^ll Jx tS ij^ul \am ifi^jLA J I wK a v 4 aI aij ^..v.t a ^ Jo^JI p^ajuJ y 

«* 

.1*1^ a ^jja 4 fl lo \o j <_£^ujJI ^laIaaJI <LajSj La$j «(j^!l L^-aJ-aJl auj 1 4j^ auJI 

y X(a ij^-uu jj^Afl CaahaJ l >*1 tjXO CaLa$ J1 yLa dll jj tO’^Lu^y I (jO^Lc iij>JLil ^ 

ft* 

4j JaJxaJI 4 a t j,U1l i Ca*NL^J l 6JX L-* tI^-C uIaas ^ 11 »t 4_3 laaJcJI ^J^JtA ^ j 

JjlxILj <4 v.> juaJtJI J16 J Jajq d ■ x-sl 4^ ^Jaxu ^ [ < yTm 1 Laa^j jJfl ^ - w41 I A V ^ .4 aa-LjlaJ1 

ti * ' 

J Jala j^juLaJLI i^V'JI LlLcX *- Q ^ l_Sjx! (uudai Ca-A^ jXq dlJj ^lidj yaJi 

. ic.j-oAA ifi^JLil J \ a -k" I j-^xJ I ^ 4 -aa-l£A-»JI lj^^i.11 La O^LiX>y I ^/-a*!^Lq y^a 

* ft* »* ft* ft* * ft* ft* * 

£. ^ ^ ^ ^ 

^ jjujjl Cua j^uijjXI ^jAju .utL^JL ^tjiaoo^jl g jl jaLoi^I Jx jj)< \ u\ 4aI 

.4,^1 ^ ^ ^A J-°A ‘A^Jb j^uAj 





cJLjuJb <dl) 1 £-°j .111. 3 ^-^ Cy* Ladle LlwH <3 o3- i 'y’ <oJ^ La£ 
•ud/'" x Hi ^jLdl ^jill i 3 ifljjtll J Ja^j u-fl^xu 

^ W ** 4* * 
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olel^3 o^> t—fl^xti .4 nmall iel^jJI 4 ii fll dllj^i J^a-I .\ <n I <J_la 




■ Lfi\ a dlJ*-J (j^ i vd%l 1 4j iiu ^ 1 a i fl^ .6j^ I dJ 1 !j t4 _S^jl 1 t JuJ I \1 jlxu £_xu^j 

^j-o ^jj)*^. ixo dlldJ .4.um * II 1 ,-i£.j1, mi a £^lJI (3 £-> ^j-JI ifljJtll (J i^%~i 

Ladle i j-aJqJL ^ . lid Id_aj 4-iljjrtiJI oljl dxol J^e ifljJUaU £A ^xJI J \ a ^ 111 ( JC^ aII 


.4Jjj^xu I dill {j£- u^ifl ii^xl \ i^Jjla.-a j xauauo i_U J-a- ' J, j^- Li/nj ^J| LlLgQc 

fi 

<^lxc iiLfijJLej J^xuxo J£u7u 4 lo^ a 5^1 j oLcljjpljdu ^jjdS 3 piXLQJ t_Sjxu (jdj 

4* ** 

.^jujj-qJI LdJ^Lj ^LUI 

%% 

4-JLIaII 4^XuJI JLC ^goilj-aJl I_J JSil ^J5 £A t jLC jn!uji.l xhi J ^lAJ J5» nu dlVv A s ^1 td^lULl 

.£.£^-11 Sj^ulxO (J.> A-%1J 

p p p 

jjIjJI jj-o ojLU cx& jj-o < jdju ^xct Sdild£ (JalJI t_£x& SjLui^ ^j-c 

.43*1^3 

.(jill ^ya £^1 (^\ ^1 <c-jJ^I 4 A.i,flj td^-uj 4-flj^II 4_fljjtll (jl <_£j1 6 1 

4 a Hi oljjiL* ^ fl \ ^ lllli .4 \\a II 4a jrtJI 4 a ,i,fl jjJ fill 4_fl^j»_L I Jl dUj 

idLualJI ^3^ ,^^-ul laioa <6f-!^-3jl ^Ji-C 6^jL5 hi (J^3 .QLa» aaLiJ 1^ 

•ul^ f ^ c3 »_ SpI^5 Jlc S^jLS (2/iiy^«» ^uujlJI^ ^jL^JI ^^ill ^LUI 

' i-r ** _M 

.as. jvjJI b'sfr oKa.^11 > nlftl ^AxUalxl j jl <>&? ^ 

... ola.fi 11 IjLo <6^^I 


.^jiaJLt 4xi^ljrLfll ul^ a irt 





^LaJ| 



i 





jLmJI (JjuO-flJI 


... rlitai ctu 

+* ♦ ^ ♦ 


* Li 111 jilt 


j\£- 3x3^3 1^313 itiLLLxj u*L4.uxs JH 3)1 lr>ai 13ia t 


,6Jj 


Jerry 43 jJ Kal Seinfeld vLq\^ Jli d "V \ \ 


4_cajl3il 4-Cj)a y 11 j^A 4_>^iklI ,4aij 4JI ^* 3 -ua 3 4.^. 1"-v > La l3cj 

La/A CjI_/3iC ILlAj .1 ^J,.uofl 11 (3 4 j^-A^~*> uu~i i aiJ .g- cl£iJI 

I 4 K olio 3 .. 0 -U JaKH fl.ll 3 >- Q AjJya |y _3 i <l^_a 1 JjUluI 

<LljI 3 jn-oLlsJI Cili.Jt.nj t^jl^ijJI Qa* jll !6j^)i3ua 4 xoju3j jli_fll 3 "SLj J-C CjL*_»j}3j 

d ,.. a 1 M ollJ33ll jjU jl^i3 (Jl-3. ^y3 vll (j\ m -^3 11 ^ i^k i]rs V X11 

4jlLxxJ j^Jui 3 j jJ3^q 4_fl^)_xl1 /y 0 ^ i3j .4-AjjlII jjA >_>j).13xl I ^jUJI 

Lo j3c 4^33^0 Ul 4 a L*3 JjS a 1 ^ fl 3 \ La-a jt-Hj 1 j .^3a^ CjI3 4ooi 33 ^ t a 

.4 1 ill 111 ! jxjiljuJI 43 aj 4jjj>Wkll Cj Lu 3 j j l^3J 1 ^1 4 \ \as\* II pli j 311 ^y3j>.a33 

^j3uJI ^t-LI jlfl <L$-j J) Lat3-) LojjS^ .1 ^ jiiQi 4 \ <n^^J I < _ tj) 13Js I oJLdl Jj^ll 

^‘i a. u j *C£jiJ l 3 J-^li] Ji3u u. jsjlajuo^ ^>3>ij 3 3 X4 ^° iji iiu jjli 

£>lJLI t, d a i3\j .4j 3A-*3 xuj 3 I I jjljyj) i va*C 1 3 S a 1 Jlq ^A^ i-uUI 3 43^3 

4_i_fl LjijLiiJ JjlA 3 AJ 4_Ls_ixu^J 4 _»jLc y\X Sjjfr4^v> 4.13a .t 11 4 jC. j~uJ1 3 * 

p ^ 

.43c J33JI 3 I 4jI 3 } q3LDI j^-LuJI JLq to 1 mil .q1j 3^ v^x\*\ 11 

M M ^ ' 





dl\\ 1 (4jLo. 1 A i/N * j £-*">*% ‘Ua.'iLuol SiC. 4jl jjl Jx fjLLII J^A^J 

UaJI cUSKJIj ..l>,.l~w ^yA P J-iJI j 4lc_it ^IjJLV^I J-olS ^ tajuVt Cr* <_>-=Aldl ^c. J>^lx 
.pllaJI § pJqjJI dJclLj ^>jI jdl ^ ^^1» 4jLuo3-La 4-jl ^jJI Jx ^jllJI jj^Wll1 ^£. d ^"1 ill 

1 fl IIJJqj j^jJfilll ^jl 111 itj)LmlLI CjIlIjLxJI Jj^jUb 

.4jl_lju2s_»J1 yi 1^ dll d i^-tjj-^.li J j j) 1 * 1 Q t^U jj^Wlll Jjsw^ JxtJLj^ .(J^-UJI 4 jl11j S J-o 

Lj^LUI ^a Sj^o ^jaLoj d LmJ-w djklfld Ix^^Jj o^3-»l djo* CjLuI^ 6^1 fl mj 

jjli l^lj ^ 1 l«^"l ^jl (3 Sj *~M III fl ^ J-C Si \-4\S.*-I I 4 n lf*l * II 

'-SJb- 0 Jl J jlu cJj^XU d_^.JJ Jl d\ tUv i d^Ujj d w i S-\C ^jlj J ^J_£. d15"1M d_i_L0^2fcJI 

J£\j 41^Lla1ujI J IjJU J&l 

H M 

Jx 1 0 i la a ixjLullI JjldiLaJI ^jjilt Jx SjJol jJj llxj S dJ J u.i ^lo 

. d_l IIIJ -V II 


jdl 




(Jjlo (jl lljlj N^‘ * d^L-uj^aJI yAA » <\ J-uadlJI J ^^jLxjJI UU^t l j 

•* «* 

^lil) Jyl£ \.\.A\ 11 it.gUi^UlL) jljjd dll j tlZk. J ^L5k {S^ ^ J>’ ,CL> '^ JxdJ (^Ail ^ 1 -w 11 I 
(jA-j Cj I £Xjlu J5[ QfltluVl ( j>lJj) J i_flJI J^J d-ulj (J£J d t tl i.t-v ll CjLiLajJL> 

JjJUA J (C J, 1 Jl J .dl m J^ t arl .Au ^*^11 ^ i ^ ^^^,3 N *\ 0 • 

** <• ** * . 

'.^1 

f^yA ^jAy,/ m \'\C. Ja^LlA. I tjJJj ^-C i ^rljj jl ^^LlluJI J ^T-ual^JI ^jLu-JI \jjb 
LoJ^JLluA d idU^lil dJLuj d mfl*» tit^LtulLI CiljjLsiJI 

cJLS ^L^J 'ji^I.4 _LqI^JLq S^>jIj J J\]\ 

At )X \ 1 JSl it Lilli 0 ^^IxujlliUI J*iLl £yA Jt JjLl ^yll I JfcLol i J^ILuJjjlJ^J I 

Jjl ij^ ui^lll it^Mj j^lal dJU ji-ll jit^ ^-ls it^-uj cjjIj^I ^ Cy^3 

JJt ^ d -v i^AJI ^JilLuaJ LuCkdl ?luj jJlcjujllJ\JI edit ( 2> jQ '^r^Ac 

d i iiij_^ll /^ojS|I £j\ ui^JLl I itli^ yvlxj dJAl <dAolSllo Sdlj J Jl) 1^)JlujI ^rvJ I ^jA j^l 

.^ildl * ii 

w» 

6jl_j^ — Jx. Jjj^j I ^vxIaJI Jj i^j^LJuQ^JI AI ol^luiil J 

JO 111 (J . CjIJjj) in r>*\ II J d II J^JI J J>ll (jjlil ^ti — S^ljJI CjIx^mj 

** ** 



I i « 


pLlj 


3 4j2La£ jJl djLsJLxil Cjld-i *3-11 £-a 

5 p 

SjjaI* oIjLol> * Pipelining j^c JilJI Ly a-mj 4 _=JL*I 1 3 * 

6 Jjfc »*•* a. w*l m,A .~ t l \\ f * /.»H JJJLJ I 6 jrt-^Jl 4_aJLxil Sj^^t {j ^ i ^ 0 \ j 

4_uIj JS c*i a JjuJL) l^uLi ^3 j I ji^j) t 11 oL^JL*_a 4 _c .^vu ^jLi 3Jl-i . (Lx^^Jj) ^ 111 

4^JLjl11 ^IjjULujI f^yC. 4rvlll 4 tu.MpkJ 1 3 I^llUl II 3^1 Lui_i! JlLal 

3 Li t4_i_Lo^aJI 4itl£ jjf\ ^S- 4-Lal^JI Sj l^i \ mil ^Jja JUj-Ll 3* l atj 
LoLcu ^J\ Afl IJuJb^ Ijfl j*l i£. ^131 ,J^ 4jJU*wo ■ Qg-t jATi 3^1 4_aJLxll ole^vu 

ft* 

4*\ null .**>1 -31 • a 3 ^ jLlaJl J^c SjwajJCa 4_jq olSLi/ti LqJlIc. Cxfi^JI 3 

4joaafc 4 .j,.1,a. J£J LJ La_a Lufcj * J_i * .i | 4jj 13*-43 1 * * jju i 4_Li. i hi > 4,v.,h.^.a.I1 

^jjd j^ja 3-43 »4 j_u-ojl 11 L^LiJI 3^-* La 4 1 ^JLa_a jua^il JLoj 

JJjJ Calj^a £Jjl ilUfi 4iLcl <^o ‘3 A ~ V -' UJJ (J^ l flle jtuj^ oUJLlll 4-flX-l 4^0 111 

mm 

.<Lull J<L1 4 -xjlxOuxJI L 1 NL 2 JI Cj\-i La 4Lun a CL)L>Lu.lt*. 

3 4»)^ *> 3-° cJlllL i ji jy j .11 oLc^mj ^^1 iii s (3 ^ ^^LlujJI ijjfc 

u ^n> La wile ,i,A(j iK iejLulll oljlLaJI ^y$ S jl.al.xu^l J-C. SjJlSJI 

4Xal5llli ^ jJI J u La 4_ul_ij_^ < C II ^jl^ jJI ^ya 6 J_»Jld* Lc.1^_jI ‘ Y * Y * 3 

31 jr^*e — ^jLatJI 11 .^jj^II ^y\ <nII 3 Lj v * H 

ftft «• ^ 

laAQ wi^ft. 1 ^ ^jLllu ^^LlllL dl^ol -v a 1 j v a.l. \ A." , t A >^ .4_jLfl^J 1 4 a_i Lqj yda — 4la 

3 4x.^L luIII oljlLatJl Lu t _LiSj% »*3^xo 3 -*! Lie.j <LjJ 

.,3-^^T‘LlxJ 1^ ^jLJI 

4 .1 u 3 ^ c_flJ''il jrLfi^a t^> < 11 j^La Ji-a .4. luat 4 -lLs*. jLkia N * * j)Tk.\ ^^ulJI ^-Ll (S ^ 

SjwiLS L$io JS t 4luaj > * * j-=^l LujJ *L$J SjjUJ.1 4j_UJ1j ^ 

jrv^ fl*i H ^tAjLiLo <^$-^3 t4.Q.i\*\ 4_>jl^La 4_aJLai_a (_^^^jlL> iCHj . 4 JL 0 I 3 III 4-ixu^aJl ^J-C 

•« 

<4 > II J a,) wi^ J] 4 P ) 1 L* * 11 4e 3 *** * 11 L a»iAll 3 ^ •^iLiul^! I 

ll ai\5v_ll ^Jjl^lll 3^° u °“ ,M * J^LmaU 4 v u 1 \ 1 Li .4 jjLj Q 4_ljLujl 3* 4_ilaC T * * 


4 v /■'\ 11 \j |v ^ U.r JaJLj £±\ flj ^4 s vi^vA 11 45k.. 1 .iii JI 3 *^ flLflJI 1 a 111 Izlaj (Jla 

• ^£~ 1-0-^A jua ^^uullJI ^tll j\ j < j ilaJ^L 1-^J in.l /in fl > ^ 1 U^Ji.t Ail J^LuLaJJ 

ll_ijJ 33^* <4ajlj 4jw>Lfcua. 4 '1 Af Y • • ' 1 ^ ^ 3^ i4-Lua^ 3o 1 1 *3* ^ 

oljjjilJlj tJai^lJl £-a ^-iG^a Jfl j .4jllil 4ajl-uJL?ft 4_iiae ^ 1-iLa 3 J> 1 1 ^ ^ * 





^JsI 4 x.j^jju ic^vu ^..ajQ ^ jl .4 o it> II JIAjqI 4jNLj dj (JlLo-» ^JJaI 

9nil I d^*j) ^^jod I 

«* ** 

^^-Jo^-LLj UaLujI ,<jij1l^j ->> JJ.'^1 ^La^l 

^jlj-UU CiC I lal ml I N \ ^ V I_j ^ -<■ L& Jl 4jJ A 4 11 rAf . 4*C . .^. 

jW* T j)~k J ^jjp Jjl lr\fl£ 4 % l^!Lo 4jjl^3-o ^L^JLjl-c aj^3 iiu J^J Y - • •_, 4 \ \ ts\c. 

++ ** * w 

'bL^ d- 0 v ifl~ xaaj 4_u_i^jl!I 4fv.i< u. 1I J Sl^LJsl CjLlLoC. d| ull^j .4ul>Lj JU 4_L^2)j 4.jLiti^» 

.Ij^-uj j" Z ‘' c - I (J^ i Qfil *. * (_S^_uj 4,'i^tuJI d_L JjLfl t4 l,4oj^"v II S^A I /m i d d II 

V 

d-lj d*- gc.Ti.LJ^ tS^o d-\ ijuuLj Cj^Jlj ^^-1 * x"t Qgil -A t jja dj?^** iji <Y * Y * ^.Lc £l-g_2 dJ J-> 

£ 

^d1 pljl ^^Lojl» Lo <4ojLj 4jjul^C 4 1 ^ 1 4 i jm ^LaJLq ^j^_iLci T * * 4jCy\u 

K 11 

%* ' 

T * To ^Ix LjJ dji XjULi i ((^jU)) ut j~j) v ia^ ( J - c. JiLdlJI I \5 da Ijl 

(j* p.L*JI jjSl dJjj T . N • * • 6 ^jcuj ^^*uli 111 ^*-LI 4,.a.in d jX*i 

t 4jaL-Luj ^>ii^Sll £v s ^dl (j-a 4AK~i jjSI "«H 4j^.l d* <_£.iJI 4^-tu^dl 

^j^l Y * Y • ^jl JQacI dJjJ . j d*^ ~\ 11 4_J Lc. 4 \ % II 4 I i^t^J I 4 \ jii i^a»- CjLaLojui 

d-* IajI^j>^jJI 4-ixuj^.ll CjIiLoc i *1^1 i <Y * Y * a-c 4j^| i5j 

^ p ~" 

-4 i V i» a Jl 4lua^JI 

<*lldri4 dj>^ * * s>^ jj iSj ^ 111 ^cl S^^ljJI 4-3LAU J-U04 

Lo cj'^Lucj di£. Sj£j-o neurotransmitter 4 i^^c odiU) synapse strengths 
jLlil cul^ t N ^ ^ A ,4 jj ^LaLo dj)d^^ <(4 11 11 LdJJI 

jiLij . j Y* * s 5^d l qK "" (o->L>L^j-o \ YA) RAM 4 JvC II j SpI^SJI I j d c ^- ) 

c_s^_tu t Y • Y Y ^ Lc. dL) jJ . Ijifl ^ ^*ullc 4_aj Loii ^ jJ I I 3 a 4 a ui o,cc Luo3 

^ji j 1 < n 11 ^45 L£~l. I I JJb d Li * dJ J 'S^3 ^ ^ * * * 4jj ^LlLo d s 5-*Xo dfl ^ * 0^3^“* 

dj^LxJ! JjoaIJ cjI.u fl_> dl^bj .I ^ull d-° jLio d^Lzto i^Jjoju 

ii^iuJI 5^Id!I JjLo-i Lo dx- Jj '^^11 4 t. l^v. a j \ l » dJd <4Xy\dI d-° 

.Y * YY Ja5 N — •_» 
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% * % 


N * * * i Lij/i'VA I 3 J 3 > \(jl jjjflj ^aJn.li 1 3 -° .jlix^l (3 dJa J£ * <^>^j 

d is*\ 4. iY * Y * pLc 3 ^ * 3 ^^-uujJI ^uaJJ 4_LLao 4 \ tu 13 a* 4jLa)j ic^-voj JoJLJ c-fi_^xu 


TlXI 3 4_Ljjj 3 V k 4 Ivc 3 -A I Lilli L$jI ^J-U ( JjJ1 <4^Llx^JkJ1 <tLua^JI 4u-aj£^j 4 1 fn\JL> 

3"0 S^-O 6 ^fuu£- J| i, fij! 3 IdLoJ ^ 3 -Ujl j*S±3LJ 4 flM fl ll j^ljj 3 , 1 X 0 ^.. 1 13 .^yvUjJl 

LP 3 \\nK £*%IBM pk^j.^T ojI^ t4jl~>5fc.ll 4_La.jjd 3 <—lax 3 ^ LflVk >3 All 

* 

Jx jjliJI i^o^Jo-cuJI 3 ^ * 3 ^ vt/nil 1 ^LU^j t 3 J 4 ujj p t a i^*t Jx 4 auu LajLs 

Jp° Uq a 5j-o Y * * * jIjJLqj LLjI <^4_ij15JI 3 4_^>Lua^w 4^iLac 33 j -Lo- 4 N • ^1) teraflop 

" " ' - \ 

Jx jjiU J\ 3 4 _pL>LJl Nippon Electric dL j£J[ oJ+±> 3 ^ J 0 I 43 -c5jA^* £-L' 

Lujiu Y ♦ ♦ £ 3 ^> 3 iil^ * * * dJa ^ >Tv 3 ! .p| .^1 3 jrp YY i!L dla 

3j_l1c Y * J I 4 ^liJl olj* J) WXi^. II JjL^lu^ . ( 4_i_uj LlIL) <33^ j3jLfl J * *” 3 ^ * JLiL* 3X3) 
3c 3S ifi 4fl *-> <Y ♦ \ * plx 3^1 4 jlu) 4 _jjtjJI 3 4 _uLuxa> 4 .*.LaC. jLxio 

* - 4 % AH .~■ I 3**3 t II 

^ >j 7 * 3 U, Jlc oLc-j^vlc 3U ijjLLo 33 

ioall*dl ^x iajLuiiJI oULojlJI juutfxaJ SjjULI o-o 4 Sun Microsystems' Jini 
3>o ^ aU.»11 4 t \lLaJl pi w~ jli \ p“Lt *^j O-fl^ ( 3 I 3 Jlc. 

I^Ia^u J^4 ^aVw.r> ^ l^l.vV^I pi* ^1 at Ji=»j .o:jU^I J^L ot^^cSJI 

Sj^-clc 3 41/nj_Vi 4 *... 3-o £>L1L o>.l^ 3-o Jil pljVlmL* 4 _>ll^ <aJU Jllc) 

J > a- v~ t ijbotl ^31^1.1 p 3^4 ai .ojJo^II 4 v ,\ <^>^w oUJLiJs L> r>^ .(^3 


Jx. 01^430-LoiJI 3^ Jill* 31 3JI3III p- V u a ^^aljlil 3430 1^ ^4JJ 4 -ualV oU^-034 
33^ 4 jilVI 3 6^-1 ,WUT 3I 4 UI Jx I 4J JJH paVwdOO J^ 3 . o Labial I 4 *\ t /Ti 

P 

o^kjiiju^l^ I pi ai 33^ ojJLj^I Jx 0I3S3wjc .^.11 iys^ua 3^° 71^ pjp. dLix 

Jx 4^aAalroll /X QIj* 3 i La5U 1 4 \& < ± j . 4 X 4 Li plj *3 i\£& 6 JX 

3-c js.,4n j 5 *ji jx JjlxJl* ii^a jiiji* alii <^jvi> 3J14 iiju3V1 4 jl-ui LJLa- cu 

J^ 3 -flljj u~\ \ ^ij)-ijj 4 xjLlu 11I ol-tLatJI 334 Li J-L^lj* ^-03 .( 33 -ouuJi pKjJI a Lx 

.oiij^i 33 31 ^ 3 loijio aJa 

i Y * Y * p^- 34J in 11 3J3 lLC.*ai 3a N * * *_ \ 4 _uLmjl^ Ixxu J[ J3-1-O3JI aJLJ 

Ij0 <“ I J^ l ai iAH JcLjua-i I ^^3-aJ plaSlI 4 xJSP 63^x11 Uj^I 3 ,I1JV “ i-i3011 

^ N * Y ^ >- oil JcL juc 3A3 <aSt JS 0I3-0 3^ix . cc-A i/Mtm 4 1/i]3V1 4 jlau 3 ^^* lax>3 

«* 

p 

63 a 31 4x1 )r\~\ mi 3 ajs^ cS 3 Li aia . 0131*0 j^ 



» I « 


S-lj ^L^qI plj_J 


< V * 1 A S J I Cj Ltijl I lSL-u> j ( V • V * ^Lt <3 6 j\ StaSI 4->^)J8 

tCj^Lii^ \ * ^viuJl jJLaJI <jl Iax^^LaI IjIjj . V * *\ * (3 (S^r^i 

(j£> (_^jJ 4j.*nj}^ II 6jd5 v.,.3a> jus jLilo V * W 3 , '^ m> <3 A^ 1 j n ^^Lujuuju 

* ** *+ * «* 

Jx. ^uJI 

(■ p p 

c£J • lA - 0 It ^1 ^Lt (3 *_ilV^ II IIva t_LJlu Cxjl^HjI S& ^1 v _ijpjj guJr*JL*3 

.SjSIjJI 3! 6jdflJI 1 1/^5 m ^ ^jLskJt (3 cj!^j)> >o*C H 

•• ** 


^£jl_aJI (jjill j iUxu^aJI jjLSj 

^jJI < 4x. j LcuaI 1 cIjI J^LaJ I (3 (^ycu^Jua 4j.tn 11 mil ( ^u'^J I ^ a \ H ^jl Cjj^J 

«* ** m 

— 4_uaLa. *J.J) j^lail 1 j — j^k I ^LLkj J)^' s 4-iLat <L>I Jjl J 

SjrilI it^uJI La.^aI| ^LLx3 JjIjJJI jjljj j^J. 1 ^ (3 ^jl mu 

<C> ^UJI L^oLLkj ( ^ ) — ^jij) i \a*\ 4 t tfl~ jiLj 4 _lLoC Jla — 4-)j^Ia3 4 j-Lqjl! 

4_LJ*llJI 1 I JjJ^- ^ Cj\j±ml\ (jljLA^ .l^-LS ^^lll 4 Jl3uJI (3 (^)3 

.4-> tnLm*JI 

tote 

Unit ^j^Lj ■ vo.q fill I f d£Ut J Ji^JI ^jIualaJI (3 Lad, I IVfctl Ilag ml (3 £-*3 

tdllj ij^ ^-43 .p-LaHa La 4 ^jJaj JJaj a£ ^ v^~vli (j »a,11 (^Ij-ij'JI jjl jlli L j\ 

JaLojI^ <jJlAt^!l JU^i ^IjrLa^ll J!Lo bj\S2j* J-C dn\x 1 4jLi 

4jjJ^j JjjQ ^ 4 ijj U" 11 ol vl A 3111 6^v^Lstil oLi^JijJI j*J&j .144-^ Uj ij I ^Vwn^jl 

4-jjjj djIjiLfl J'iU*. ^ J^jlj ^1 v *Punctuated Equilibrium j-LilU ojl^l 

(J3^-1 JjI Lo 4 U -v-Nl 11 s ^jJ-% II ^JJC^S dll jJ .Li_L-oij Sj4lLlu-o 4-xLaj CjI j*-& l (3 * iVi 

.4_> J} \W 11 JjLUI J~ J) 11 ^.JlClj 4 V in 

J^Qt jLA-i Ln_kfl 4_i_i^wj-v1l ^Cl ^.4-lrdl 4c.^ Lm!ll 1 .“iL jlJ 1 ^‘6^1 

jcT\ <>i \jjj ij \cTs iii aII 4 \ it\\ 1 Lj S Y * V * ^ 3-0 ^^jIS 

^ p p p p 

1_l^_i1 ^^-ujI cj A A * 1 4_i UlU ^jLual 4 \ / n. \ \ A j-^dLxXj J 3-0 ^j3_jL4 

i4_»jjJl ^U^.^J1 4-jjlj^^^ 11 jljLjl ( 11^-O * 4j^»J jrvi (3 

^Ca) 15^3 i4_i^ii.^l 1 j-\x. 4 tact jJjjo I 4 -LS u^C-j-o jrAt 4 \n*A CjI^-jLj 

4.2fc..l LjlII 6 ^4 4 a\11 j^c 4 1 ^ ^ \ a lyiVC ( 1 j^aL^ t S^-pu dll J 2_<a3 Lfl xlt jLallt^l 

.JjliJI v iaCII Lqa^^ ^^ j) i >^ II (3 ^^/^iuJl 



6j-qLx 1I Jl SjllLluII old j£A\ lVi-~ (JjLiiJLj .oJIaJI j-*_JI 4_JLaJ1 4 ^ ^ 11^ 

m 

jaI jjJI ol 0 \1^> oljvn a .t £t_aI jdj 4x.l \ i^J (Lujj)Q did (3 ^ J1 Jet) 

t Dense-Pac dL *Cubic Memory Z+*£±\ Sjdim Jlo ^Lc^uLj .iiAL^dJI 
3 ilLaus 4 -uL»^^ j ^\jj «oLijifLa)) JjloJIj old^-Jul! 6J-& <Staktek ** 1 Ci\ LLm j 

JaaJI 3j)*\ iiii . 4 a Jn 1 (fnl I 4 Irt mil ^iaIj-^juJI JJ*-i ^llsLvj *}! 4.0 Kill . 4 a'^IaJI jIaa^I 

JjA ^jl^O S ^Loj LqJ if. O-UaJI 


pjuaJlj ^■lujjaJI 

j £\v 1 Jli 1 a.Lqa8 I 4_i_uj^AkJ 1 oL aaAj (3 ^ d LlA ^jjjaJ 4a I dJJ 3 I > £Lu^a 

M 1 

4aaj) 4All 4jLxu^dl *i m‘i . 8 J£-ij 2^11^ L^a-o j\”\ \ II toLaUi^ll pi j^"\\a 

^IajI jjaJJI ^llajauj ^ .oLi^J^dJ^ll ^jA 'iljA ( 1 ^ ^ 1 oLqAajUA*. J O Lj^A1 f^jA ol^)Lu 

( jjo 4jLoL=dl 4 lfl^ mil 4jLuj'iLju> jIa 8 Jd (_£jjp j) l 4^^1~1 1 oIaj^a^- flJ l oljLu ^jA Cj\ jLaIo 

9 

4-u^L8* 4 aaj) ^-uillc £a (j£^j l^ll L) jUS 3 oLaLojl^J! ^£j^aj .t^jLuxaJI oLaLoC. 


3 * jy& Ja-L jUj .diffraction gratings j<>uJI oljJ^-cj <^LAb ‘CaLujjJ! Ji* 

jAa.jJ a ci1aaa-oj .Photonics a .dd 1383*3 .Quanta-Image gAud lldjd l$lo .old 

m • ^-aL ua^I ua 1 ^ * ^x. » SjAIaJ I 4aa^aA 11 d-uiij^ 11 t Mytec Technologies 

i 4 aaa^JI oLoSll 3 ix jS!l c3jjlaJI jJx: 4 aa^aA 1 I 4 alxaj_aJ^ Lockheed 
»• ^ ** * ** 

oLLuiaJI oLj^aJa^a £a 4 Q 1 ~\*C \ Ljljlo ( 33 ^-* 4aI 3 ^a^axJ I 3 \j) ^ 8 Ja-^ 

4aaIa 4_c. j-aAfc^o 6 jIaacIa 4a-0a_L^j ^ 4 ^y-JJ JaLo j^C- 4a 1 4^K <»^j .iloA^Jkl 4x^13x11 

«A 

qIaoJJ 4aajulaJIa . 8 Uaaco 4aa j)jun 4 aaa^^ ^asIaX 3 ^° *-aaaj^J oL>LxA-aJl 3 * 

L^iO dJ^-XUA 4iLusj l I^A dlx 0 > 33^4 *-l^LaA'!ill {J ^X' ^_S^-*aJI i_JiLo / nil ^jA 4r>g.il 

»(c^^dl jj'l ^ >^j) 4 aJIa 4xj^ 2^0 (^j^iuJI Jell Jao 


SLxaJI 5j^A.b £jyuj^aJI 

4 ^jJ molecular computing 4 aaa>=JI 4 ju^^JI 4 aJc 3 ikj jaj^ JUao IAa 

4a 1 fj\ ^jjlj . j-A£- 4 aaa>^. 4 u„l 0 a 4aI jl ^jJI 

yCLxj^ .combinatorial ^ (JaLauII LqLqa . >^>1^ 4 « nidi 

j-juail 4 jJ 3[ (^dl 3 v . 1 du .4 a)^^JI (JjjLujI <ja5^I 4aL^a 3 

MM *• 



... Sjjj-2*. ^-LLaI pLlj 


JJ. Ld .^ ju Ti 3jil JAC 3^ 

* * ; 


fJlc iLeonard Adleman ^jlijl jjla^iJ ^ Laic 4alojiJI Sa^aJI oll^ikl jx. 

jjl ^jJI C-^Loa jLlL^. 1 I «■ ol^Ni * «LlJJji.Jl^ > )J)\^ 4_*_oL*. (3 ol wALj^JI 

ilLuil 3 «• 1 ^_jLJ! » ■< id I 3JLJJ (J-2kJ (... 4 ^ q i^> 3 4al 

3 j^ 3 ^° 0 ° j^LujlI Jjurk^l 3 -^ 3 °-^ Jlc j 3 * x 11 J^La .d \*C v / ..Nl^ \ \ 

•* 

Jnfl Q 3 d0 1J> ^ dlLufcj .Sj^o 3* <5* SjLj 

^ «* 

‘c£jL£* f ilL^u-o ^3 .LLi-^lj g - , ><v ju r *" jLJ.! J-c- 3^ 

'•**■ Cis* <Jj\j£> J^ u' ^ J^3 «*■ 

. 4--)l 3t 11 ^L J)-U> lloj ^^JlLuIi XdUJ 

^ p 

3-a ic^-o^o 4-jjLjj_^JI 4.1 mj^.^kJl JL~o 3 33~>^ pLIcj 3 ^*^ jj)-<a Jd^. 

3* 4CjjlLq ic^o^o Ja*J 4aal m-kj 4 i Q lVv o CjLlLoC ^iiLlj Cj^Lc.L&j 

<O 3 J 11 S^jla pLLx^.1 guiij 4-*| 3i 4 _xjlj3-^I oLvIojlJI 3 I ^£.jj , 4 a-ujJM <n*o 
4x33^ frl K^.1 (g\ 3 I J} lj^ _/U^ l^-ol J^JLujI |xj 4_J 3 I (_^jJI 3*' Q xA JOC 3 U 

^ p g ^ 

^jJI 4axuj^aJ ^j^LLI llaaJl Jjjla 3>o ^kC^JI JlC tilDja^ .llaLu^k.1 4 <\ ^ \jl^3 

lj! dm 1 Jl*. Jl 4 \lc jUIc^I 3^1 4_>J 3 } (^jJI ^3 jy\-yc& 3c^ «?t-aijJI pi vLcvCj 4_>| 3 ! 

«* ^ 

•&»—« J- 


ft M 


4 1 fl 113 III JjLxlII 3 ^ 3^^ ^1 oi Oj). lla 5\ 3'i-da!> jxa dJj 

Jlj>j ^ <jil (>» 4 j[ ui CS"^* J>^i3 .ii-*-uaJI 

TT •• 

dJL\ a j ' . CjLclaJ 3 ^ j^-oLlc x UL^k.*!) c Q yVC 1 i 1 3 U! O^jjl 3 4 i\5*\ 1 

L^fll in^*\inl j-^kJ aJ 4_jI 3| 4_i-uj^Zk. Sj 3 * drill 6^5 3^^ 4_fl_ij_Lzi 

h • ^ 

.4>x4^Jl 4 .uj j^kJI 3 v 3i ^ v0 L^-o^l^ 




J^ViU ^jLJI ilLxui 4.icu^ 

4jJ ol <> J 1 ^ 1 fkJjijaub 

olojLiIlj <4 iafl j ^LujlaILuj! Jlc 4aj^i5 6>.Hflll 4 _a| 3 ! 

jjlla! jjjmijjJI jjI* .JjjLiil jjLJI ilLui* iJJ^i 

:4JbJI 

.4l>do J^J 6 J-ia j 6 j fl iii 1 4aI 3 I 6 jr\ Q JaJ^3 * 


UV 




































UJI 




C»IJI olljjJj J (iljJ jO JSL! 6J^Ij) 1 q\*> 6J^ ^uuajlLxuI • 
«.PCR JuuL mI 1 Jclfllll SjaJLi J>iL=*. )) 1 ilc. J)LAi 4 vLclC 
.jLGG. 1 (3 (iljJ-o <J£J J^.1j) 4^1 ^jl ^jJI gGLU £_A idilj JJU • 

.LxjO Jl.fl-All JajJ 4 jI J ^jJI >_j jlrv~i SjAJI 6*1 a aJ 


t ill i 


4 ^ 


Jo^ll jlflAll J£LuUJ 

iGj-o Jal-Gjl J£ SjrjJLioJI Jl o .All J^Lojj .6JJ-».lll JbcJLl 

4jg vjo 6jrA.flA J^ ^jL> ^ALj jJU ^1 dUGJ <4-Gl j uiC. 4jL»JolJ 

*% 

JJj £-**3 .ct.Kxu*i G5 £->Lg) i»UI Jug 

5 j\ fl„iA JMI Jlc. J l uAljrLfll .jja 4 jI 4^.jj J| Ij^. Jil a Ail jjx. 

.4^k.iiL^I JUG^ JC /Mi /n — jaLo Lo_>^j^ — 5 j^. 1 j) 

jl a \"\ ut)l ^U. Js. ni \ d a a oLaj J j ^- w ~ iM ~ 4 jJIjJI CjIJ^JI 

JlflAJI ,Ko ft Kj\2 <4GJolGJl 4 _»La!I Jug Jill JIa All olG^-JLiJ 

«* 

:4^j^> i/^il 4jU)II Jug jJI 

«% 

(^jJI Jl Q A j^qjGJ ^ ^ Mil J)i*t ^ Ifl \lc jllaj ^jGGlxul • 

4,n,.to Gt ^ Jill dlt lA ilJ 4jljjJ) 4.1),.Leu 1..V.G Jill 4_»1 J 

M «% M 

JL^. ^IjGG^uL) LJLLj Jlc 4-tkflL^l! J La. A11 & G& ^ «nV\ ml^ *d A ^ \11 

(. JujlLuGII JcliuJI S^aL 

4-l^j jIxua Jug Jill <L»l J (^jJI jIa a jUgl*ai ^jl J£.Lag a„\1i<<» l • 

.^jJaJJ J1 AAi 1 JJjJi (JJ* JJesi 

jjSj • 4.1,1 jll jaAu ^ Jill Jl.QAll _/uoGll clj J>! JeLflG ajGG_uj1 • 

«* ' ' 

.4GjJa JJ 4 \ iinlLi 4 a1ajl1I 

6JlA mn <ul .4 ^ i^junll 4_>La.^|l JUG 4xflL> Ctlb 6 /iA J^ <0^1 J • 
JU*. (JbuLuGlI JeliGJI Sja-L ^1jGG-loL>) 4j^LJI JlflA.ll 

. Jl fl All 6«A Jo Cj1jL..U dLUb 

JL(Jl ^ <o J 4 fl la II CilGjJkJI ^Aiin 4 ilfl.l a1,.V^1 «qL> • 

«% " 

.^11 ^jLfiL^ucaJt 4jI (jl ^jJI £jUs I ^>21 electrophoresis 

' ^yjJI (SjjL&o iC.Ja^a oLiLuJI 4 ,Mll (** f -J a 

«* 

JJaII jvx^-uaJI j-iLGJI 




UA 





































5 j % j.*> 01 plj_> 


j £U 

4j-ujj^a> \» \ t4jSHII jLxj^JI J S^juLlo Sj^L ^j-Q 4 \a\~\ ^.yijxJt ^^=*1 4jjULo 

C 

L $j±\ 4jjLLo 6jx .crystalline lattice ijjjL 4^ wo J Sjr^SJl olljJ^JI j 

.cJHil A A ill Jx 6jlflkJ> 411,11 

lIUa3 jjjijllxu j Lambertus Hesselink 

.^jJ q-cu — >a^ j bj? i ^o UjLl^L 6j^-Li <3 4 J^Lzw j2)-q cLjLJI 

«« 

aj Cu J£J la 0 fl 6jJ ^^iLa 4 j*JUI jLslj^I J J 4jsLjjJ&JI 6JX ui V>j 

/Sj U w,.ll J Cj 1^3J-qLj^ ,u t\ ^ a m hi J^J J1o' 

.4 iIa A d \ [ \ *K Cj1j>1-1.1.1 4 /\ U.~ \ 11 4 A I 4 ilill JLc 


(^Uit Olj^ i>« 

M * 

Robert Jjr\£ oRichard Smalley Jlcw* jjLk3^ _ SaSLJ iS’SLS ^liu 
_ ^uIj-ujLuj OlaUw ^ Harold Kroto <>> Curl 

4l Jx Cj Ljj Ja* N *\A^ ^lx I^Joj N ^ 1 ^LaJ c .1 ww*C 11 J Jj^_> SJjla* 

iaLajI 4 ujX Jx 4-oJalxo l^_j^b Cj b^ o^° .A^ J-o Jj)*^Vi ^J.Q.1I 

— p 

<R. Buckminster Fuller jJji JUul^L 0 I 4 j3J cjUwjaj Jlo ix^La^j ij^Jc^u 

****'“ j 

js- jiuj <i»aUJI j\£. c>lljJaJI ((.buckyballs ^^LJI ob^ 1$ dc jlial 

** H 

^ £ vt £ fe 

6 j-o 4 jLo (^ 3^1 — Jjjcj Ca. Jl 4a^Jfl 11 4lah.LuJI 4A4.. vNI ^ 4jLAjaia 5j)^ > 

.4jjLqJl 1I olx-lj^vi A-o 1 ^ Ji> JjrvCuj 4 1 ju^L>- ^-^3 — ■_> 1 <-^11 

p (. * 

4 jl d_,M ' J(] <n 5 <>jiu Sumlo Iijima I • j 

* (■ ^ ^ 

o°>s (> j 1 ^* ^Ul olj^ Ji iiLi)IC 

** M 

4 j^jll)l ■ ini\SM 1 ^ >I c ^1 Ui ^.4 U. 1 I . . nlvsll 4 _j_mj 6 J jjflo CjLj -1 Jx. 

^ ji C 4^luloa (jjtuxj J £JL ^Sl nanotubes 

cl^ (Jj-o CjIj jj 4_i_ujLv,kJ I Ja 1 ^)nfl i j^jja 1 Lcllj| 6 ^JtCu A yji 

.4jjLxJ1 j^X. S^flJI (3 L^JjLojj ^Ul 

w* 

i_AjUajJI (_£J 3 -» 4V\.ai 4jI ^^jLlli <_jaLcw-aSU SjlliJ ^i^lb 

4* M ' 

4«»Lfl <LcuiCxu-Q i_ 1 j}-vV^i 1 (J^ lj[ ^Jx ScojjlII ^uaLlA-Li 4_uljj(j < \ 11 

M 

* ^ ^c. c 

1 pl^jJI (JjcX ^3 .4^3 JaII Cj"SL-L<a^ll ^ 9 ^ Jio )1 Jjuajj 





4xx Q 11 Sj) Q 1 ^ 1 D \ Jjal^j .jjW^I^/Ll! J!i-a >, fl* 11 (3 (^^^-iLxJI cjM^J-/-J 1 IjLi-i 

.ix^xDJI ■_ 1 1 >lVSll ^l _wV /n l s d"^l \ <^> 

6j J til-ft ua \ Q iQ I^JI ^jO 4 "v \ Q 2s”\ Lui*^j I (3 ^X ££^-iLxJ1 I O i 

** » ' 

6 JX Jj 1 *4-Lq Kit l 4_^_i^-uijJ I J ^^^LilxuJ 1 CxIjji 1 1 i^j l^x £jXi 1 Jl>» u ~\I 4_xLi ( 1-vfl 

3Ji (j| .^jj^Vil-mll 0 -0 ixDua ^>*^1 L^iLi ju^II 4jlILx ^.,ul^ I 

C P 

oLc>a^-a j 1 0 ».>''->* 6^-oJ CJJ jjj oj£; xl mil ^j_o JaAfll J*£ <mx SjI^aJI £-<s JjoLxIu L^il 

Jj-u2 lL ^j*C tt / mII 01JJ)^ / 11 J^JJj ^Ci Jo ml JSLtuJ 4j*il!iJI jLaj^I 3 

3 qLcj^ 11 ^v^Llc. (jl i j Lijjj)-ixl151 4 jlaL 3». (3 jLlxul <Alex Zettl 

JP^I Lfrx£J i 1-u.u^JI 4.v uij i^j^-ix^l Jx 6 JLcojlI. 1 4j_tuH 4^0 jLxx^l 

. ^ j^jj J 4i_c 5il5S 


jjL^Jki 3 :5jx£J! 4 .4 MtjxJI 

♦* 

.SjLU lQ\xt CxJU uua ^jJi ^X 4la < x1I pi-axaia 

David Moser jj.jj j 


^^win Sji 4 xjULq UL. lIILxX .4jlaj8jJ 1 4juuj^-aJI ^ K.V> Lxfx ^xrv 

win ^ J^LAo Jx=* Jx SjjiJL jjG .quantum computing iy^iW lymy*J\ 

if 

4ja^ui 4 ^la^J I Cj I Jj1 jajhj . (^'j I^IxJ I 4j2Lxx£ 4ja5^)J I Cj ^ 1 1 V^w 1 p i^. 

.4 j A 'tlW c\ ^\. II 15L-U l^joa Cu^ cJjlxJIj .^£JI ISLul^xo 3 4-t^fl lij >0 

Jx j as jlj ^ i_>L£JI Ijx 3 ^ o IJaaIL! J icjLulU cjljjLxJI 3 ^^ Jj I tAOj 

J. as * " 41 ^ 0 jjjj toll d K l q 1 ~ > Ld^o Jx * > 1 V*C 1 1 I n a 3 O IJaaaJ I j>4~> ,4.x 

i_i3 ^jo Jij flV.l 1 ^ j ill I 3 o Lc Uojai*j I Jx 

Jj&Lxj l *3 *^ jij ^jL^JI 3 4 xlfl3 CjLcLLzXil d uaj ( ^5 Lcl j Jiulu 1*1 Da 

<m ** 

.J^luu ii^JI i^^JI 

M 4 «* 4 W 


La[ I oLojixiI «olx)» Jx 4j_cijJ 1 d wnj-vH S4x-c^JI d ^ 11 L* 

«» M 

t^lij^l Jj-q X Atl 3 oLxJ I nIj ^1 j. fl _ JajG ^1 Jaaj Jjl 

IoUjIaII ^ya J^i_to ^1 Luxlj?\-fll Jaax 3 ^ 3^°"^ <CjLaJ^J1^ ^L,1^ 

*• ** ** TT 

CxlxiJI Jx ^jJLj i_ui ^ 11 ^jja <4_i^^JI 4 j inj^a> J. 4 ^^jaJLo ^yj^2> ^ 1 ~ij) 1 ^' 


> 0 . 



... S_l> j-2* ;>LL*I pLl» 


(3 q d«...I ...S)I 4a^Ll!l p& (_j^ 3 ‘(cu 0 "bits ^j<ujbj qu-bits 4 _l^JI 

JJaj ,|a>iJI by. itLSLxo (j J^uablU ^oLuj^I < J^c. 4 \<i \1 1 £±*i\ 1 

p p P ^ P 

4j1aC. ^£jjp LT^ 1 <( ‘buixaLc.)) ^ I 4j <i>Luj^)i O^JLoJI ^1 <4^j^JI 4 _i^ 1 t^ii^i.1 

j^jJl t4oi ^jJI cj^° (V '“? ■ I I » (jl <JI oA>a-iJt di 

4-j^ljp ^douxu ^jJouuoj Cjl^j^flil p® 1^LG <jr^ j*-fll < Jblil 3 \ WI) 3“^- *l-£-* <■ fl-u'-G > 

J-c- L®i o' ‘2^3^ ^u>L*® ui *^j j * 0 

^ 3.K9-® p®'>" J *2^3" 0^* (j 1 1 ^ * ^ j' J*^ 

4_lCIj 4-yfll^o 4 jlLo£- ^C-0> t j-Xo» ((J-* Lo jJojI tdij 0 -0 J^l 3 ^ ha pa'JI pfll^ t3) Q-*jl <ntI 

£-uj 1^ 0dj^hulI I Jj 5> 3^ jdI CucG j .a * (_£ jJl JLuiiI j_ipLj 3^ ^ 


. L*1 I 1 ***- 111 ^-6 A-i i ^ ' I (3 

jl G^l k_fiJJ I _ Lo d. t i^l t 4jjO^J I CjlG_JI (J_iiLaj Q51 .xl.) I Qij) i u\S.H <3 

*» ***** * **’ ** x« ** * ** 

CjlG^jr\fy.l I Qj^Vi 0^ ' d t i. ■ 1 \ L I ^kJL L^_»_ua^ ^G Ijl^ .iij>JI Cjbj}jr\^J *^AJ - £jUu 

ijuA* <3 £/Gihdl J dij cjj )^J i l 3 (Ji-tul Ji jl 3-cJ Ji) Ld^ ^LiGl cjjj-a a5 

J-C JjaTuu 4_JlG 6^&Ua ^1 jl ^£.1 ^J1 J^uajJt ixLaCj .jJI 

w w t» 

j&^Lul 1 ^ V 1,C 6JU5> ^yS^QJcJI llLfl d 11 AgL J .^ZS^QJcJl difl u-Xk J<t “ —. OulJLxy.il p-jLd> JUljLSkJ 

Ulija 4Ai 0 nj3t\ ^Hl jJL*JI 03^ ^quantum decoherence ^<H ^LaJlJ^t di 

. Jj»-flJL 1 I j\ ^ a 

.4jLa»^!l jLklid 4_LijJa t4jl mo 4-JI ^JLflu (j' ' v ^ A 4 djl ^aill j "3 ^ " ^jxjLujI 

^.Gj io.fl.fl 6-Lo.l3 4-iL^.I dljuA Q^v" ■" y 4jLXi5k.ll Cj Luxll ^^^.11 ^LoGJ^jl dLfl ^ <^i^ 1 \ \*C n 1 
.4j^uLujSJI 4jlo-LJI p® I Id >nu ^»1:> djutuljJI .aLsJLI^I clLa 0 -q SUdJI (3 

‘('JJJ 4-ij'^G Cjlpajjl^ *iio) CjljjLflll 0^ £7® ^^1 p4> Lo^j 

4_flj^Jo dJj (3 ha-* .ill AOaU ^ ^ ^ (jLJI jj A K_A ^ d ' rt*C 11 d hn j -V 1 1 > w l Q A J^l 

■4-'<«ll c.L.U'ill ifl^j 

% * P ^ 4 4 M» 

CxJl (JlLoj^ .ilLoAll O^jQ-Q (Jx^ 3^ Jli-fl^Jl ( _jJJ-flG (3 4jj&^J I ujl^_Jl [Q-^G 

0^3 *4G^j<ia CjL»L». 1 pl QI-la^ 0^^ .pj^xixs p_U. J>0.1^JI ^ .11 

dij ^jLu_»j) N , • * * Y 3!uxj 4^o^ 4lL> N * • •—j LS -0 ^ 
**— ******** ** " * * x. 

p 

4Gc. yucLl — 4JLu.ll Ohj^ .i^j-Ajj-ll (_^u-fl-i (3 4 ft.1,1 Jj>i^ II p° (^>Q-tda V • N 4 a.G,,*! c N pa 

dxx^J I ^LlJI ikuiuj 3[ d /s t. \ a." > — 4_j^wClxi CjhL^| 3^ 4»£1 _uJoj t lj>l_jIL^.i 6j)LG^Li 

1 ^ ixo^joX. 4JU p° ^/Gcj 4 v . A ^ 4 ILj 3^ ^j\ (^l) ^LoGJ^JI ija.i 4 -lxiSL 1I dillLJl ^.^fll » 


Non 



j-CiLaJI j 


JJS3 fl i/-dl ^J - lu'^Llo illjrdJ ^1 <Q J_*_oJL> > — j> fl juTi )) 

^3 JjD ^ * * * * V 4.V\ a! 1 Jj^LaJI (jLfl 4 xujLu/JI 4jl2»LjJ) , j \ m Vjl (J Cxa» % \ 

ti^ll IriS fl ^ fl i j 3 tCxfi^Jl ^jaiAj (3 1 fl3 )^aJI 

|> 1 j.fl o ^yjfc I difl <J*bLa. ^j*a 6 CA <AaX\ Sf-I^Jfl 4jXafc ^j 1 ^_i^l^Jl ^^03 

.(JljJI 4a 1 mill (3 1 *1* j^Lfl .L^, a(] fl (3 4_k^JU^ Jj^jl •„!<LaJ 1 Llz^jI ^ji>3 .4j aS>JI 4-ixu^j^Jl 

^ * 

JJ3J 4aLfl ^'m r. !jp Slj-AJ ^l«s JVS.1 Iji^ 4a1 £)Cjj3_ill AI V J j Q 1 1 .-jNl-U* ^ 1 *" > 

illlj (jAi-J <4 II 4-ijJa3ll Ls_u 4ajnfin 3 (jjj^Lstil fcLaa^l sTjJll 

4ajja»a LojLujI J^Laa 3 <Sljll (J-C 43^wCua 4 _LsQ \ ^ya (JjCflJL> SijJ .JjCaa La 

JriiLfl 5 >>j 1 (] *^ * a CjIjI mil 6 jjb * II d_ii!L^ II j 1 ~^ a a jLlu-q JS 

** 

.Lg_La. L)jUa-o 4 It a J!La 3 1^31 3 J La^ 5 ( jll (3 ^vfl -d t wl a \II cLi j \ a H 4 _j 1i333 ^£jJI 3 L 111 II 

** M 

(^jQ 3-aaj ^lil 3^ Ja ij^jLujlII 4J3I3 ^^Lulu 4a 3I3J JaiLfl 

«l ^ M 

jUla .1 j cl3_j .4_fl_)^LoJI ^jjio.\i ^a^vII ^3 3 v^a*\II J-o-xj .^.a5L1I pUJ^I cjLiLo£. JS 

dil3 — 4 \*C a! I CjLLa.^1 ^oJaJtJI 4_nl Lit II ^ 4 1“ d 5 ^Lvt La 4-1Llu^q ^jC. djLa.1^ 4-a^a 

++ 

(J p^a33 CjLjlJI <Jl33 Kfl fl ^ 0 <j-3»Sll I o \ a — jlyW^il (J ^ ^3JI 

<4.iaCH CjI^ 3^UjgfLlI Jj-a LuaLk. La. J^-a3 Lh^)l i3r.1 a. > ijjLxJI ^Ijll (jl-® .^Ljjia^l 

p, 

.4 Irttiu i 4J1 fiiA L^-iLfl ililj £ua^ 

JaI^ jada3 encryption codes jhiuo3JI cjl^i-i j^3j«3 <Sj3U J&) JLLo^j 

Labile (j^JI tbj\x *s~\ 11 aLflj^l ^j-a ^1 Jj JLaJs ^3 x -t factoring ^J^al^JtJl Jauka-3^ |^j) 

J \^3 m a oLljJI Jj-a CjLla 6 JJU 1 J^I^P J iJja3 l LaLfljl gC133 Ls_a L^_i^%d 3 ^x3j 
. 4_»LaNI jJaja_J ol^3-tuJ I CjI^LiIa LJ La.l3-a jJ ^3^>. ^>cxSij ^3j) > > a*\ ^ I I .n 3a I_/Lfl! 

1 * ** 

»■*! flj (jl^ Cxfl 3 .ll (J J^l^jJl J_y>A ^J\ a a ^juacw3 ^1 (^-4^ v \ a*S I J^. a _>^ 

JjQ 4_>La.^ll \ i<~\ ^3) 4_3l3J1 i ^yd ^)LJlo ^j-a ^j-a J3l (J Sjfl AiJI 

dJjaj^a J*bLa. ^ a*\ 11 ^3 3-t-XA^JI 4 L> ml3^ ^.d-t t ^3J1 jl ^3a.^113 vlfl J^Jal 135^ <lu 

^jLu3 4 "v a3jJ 1 l£ IjJj j>ja! (j J-aIc. ujv 3 Jjaua * 4-la l /n JI JjXoi 4-a^_II 3-<i-*-l I cLfl 

. dJLujjoJJ Ja*. LdjJ ^3-^J c 3 ^ 4 a 11 6ji-fl-Lu 

4-LlLll JIa ^j-Ai^Jl ^d-Lo£U 11 <j[ Jf 5 

«» M 

4-i.A-fljJ 1 4_> -<ju 3 "y I I j\l Lat3 I -ft. v\r ^Lo3j2^1j 3j>_j Jxa SjLkP vlil3 . 4_>jLjJ I 4-xflj fl a 11 4 IjuulIIIj 
^j_a 1 J-C.) LlLo ^j^-fl .4J13JI d lA^ll Jx. 4-»Llu3JI . Va 3t,> .I43IJ Ja LaLo3 4_»3^3 

((j-°^ JC^-) J (^>^1 <Ui.lill 


>or 



SjAtXA. > 1 c-Laj 


g -a tVU rt i (uj^' <i 3> C^') 4 Ji 3>^ ^3 3 uA^J 

J)_^k_xj JuB 43uua JjLllu 3 (J■%**\ (j^!^ .4 _uLaJ 1 J <Lul my II CjIaLuJI ^jja d*Up i 1 )pi >_>1 iiiai 

^3=* ppviA<Lll 13 a JjJLLIj LLclA pi 1 ^ l~v 3^ 33*3-1' ^^ ^ * JjliJI I 13 a 

^U*bLj JJ 6puu£. J^ > 3-° — 3^3^' j*p^3 J3 SLka^ ijL^j ^L=w pi JUJI il^a II pLidLA^Il 
Jaa-uj J-C. iSxxj J^* JI 6/t <n> 11 JaLiiil 63 a J3o p^ 4Jlc^1 3-° pU3 11 dJL j^ .4a_«j pLj»La 
wJJL JIppJI *uiljJI <Jl iiuft Jy. pi <dit3d1 sjtf\ aJ^JLuaa I p 5 i/yjJI dtlpfl in dJ-fi J131I 

^ * «k 

a-v "v ) (pptVvIl Upip \paS dJ j (3 l-a^) i*\ y 4 _*JLj 4jUAJp^J1 3 p0a 1 r >\ i > ,43jda 

• * «• ** 4 ^ ' f 44 % ** * 4 

% 

^yjpS mppS.>,a ^ ^ * LT°^ p*p naS I /jSv aj i JjLtull 3-° 43flJ1 AdA Ji. pA ^3^^ (3^311 

.iojlill 3-° pUlo 3 x * 3^ (3° J®' (3 J*l“dl 63 a J3a 3=^0 3' 

(jJudJullj l fl \a ££pklill < 4 aJ J_yj I diIjp-UlJ I S 4 \rf\ II d)IpApAiaS. 11 J-i.fl.Vt 3*^ AJ Jk 
3U ijjio aaoj^qj (s3j ^paSJI O' ^ 3' J-* 

^Ljl^i^j jJI3.il QjLflJLt .Lg ill 3^p~ 11 3b 1 >p 1U11 JaLuo^l djj J^c. Spl^ i i3l 41 1 <0p 

3a Neil Gershenfeld j1aL£^ 3 h 3 er°^' j^L^a <>> Isaac Chuang 

M 

CjO'iII *<£>». J Cilo^ ^.Iu13JLojLa tpJ^ALA^ 4j3fl ill Qai i*i 4i>j^ iVoLouLo J^-».o 

.4-iljj» jjajo 63a o^J jL3h.l^ fiy. l^sa ^,1 ! Loa jt~pLl3iaxi1 .alanine 

4,ifl a j Jlo 4 >a*\ dil^Gl3l 4 >l^c dil fl.i.vl%t 3-C- <j-i3JG <Jucujla US 3b3 

u . j j3c SjjJ <d>Ij j3u>3aIQUI 3 


5^5 <jL*3i j 

*• «* 

« f p 

pQ ^>,3 <q3a^ 11 £_IL> 3,5^ O^ 4j| pA 3 -aC- pipLunS ^ \^<—a£.Lu^u 3 J^l 

pal 4 jSI .45 iB jJI 4 \r>S 11 dilj^iUJI 4-i^pjJ .,t^Jp. ^1 6j>J 3 4_»pApaJ1 4 -a^.LjJI 

>■ lAjAi-t JllA J LlA 4-tJpflJI dlljpiJ I j dilo3JI jjpy3 ^.JA 3-^ 4 iXa 1 ^ 11 4jpjLx^JI 
Jjjla J-> JI 6pfl3u.ua j\£- 4-»JpflJI d>ll)p=JI 3,5^3 <dJj JI ^3 Ll3j ^ .4-»olp^JI dil^ryUJI 
Ja <d/3S3ulI 63 a l^> i.*u..t^ .L^-lIa 11 \ 3 S AJ 4 JI 4_cLa_uO 3 ^^ N-fl 4jslc 6pj)juy > 

^(^3?* J^ jL^'j 3*L^j 4-ifl 3 ^-^ 33.1 pA Ly. j 13^31 JI aloA m ijaj golp.i 

*• 

pxj 4_ifl 3UAfl Lcv^. t3 <pfl3ujua pX: JpCLa j paS pip-LA-aS 3-° 3^'^ 





^ £j£.jjJs 1 d \j) 1 n 1 11 jdiLi dllA ^J < 4 jL>jJaJI 6 J^$-ij ^ ^ . A Jaljdl ^L-ua^l ^JlC 


4-ijLfl.l1 6uUbj .JjLuJI CjLjj^ dj)l mil ( JlC CjLjj^-11 \\ 4 > >^(j^.o-1 

4 td.^^A 5 \ 4 Jlc l.j 1 * "i 11 CjL-Uj-=d1 CjLjjlL jU irv^w^jl dj)l <n11 ^1 JaH nil (3 

4 l^fl\ ^JlC - »1i~11 4-ij Jjl fl i^i CjLjjJlLjU JUjI jj) lit iQjjdl a1 J^T\ nil 4 hm.1 JjJlLI 

«« ' 

.4-d ^1 (j£jJ1 4j >*uja 4-1jLo-q 
•» w 

j j J 4 jlu 4aj iiU^I Sdjfl 4 \*\ uxa LAjI 4juo^JI 4j nij.^dl 4_ij Lfl-L1 6.J.A 

.jjlj^Ji dxuLaj dfl J.Xj L^-idjii a3 JjJ j j5d ^ ^jJI 4_lo£J 1 oL_d I 6J-g-l uwi ij ^jl 

“ 4 

(_£jjp I i 4_iSLL/.i.d 4-2 w,jjq CjLu£ULi JjLdl LoJk jlfl j /nj^a.j ^ljIj-lu <j^6jt 

j^Q Ix^X.j 4 J A i t i j | i—fll 11 4 J Ls* ^JuC, (J Jlj Cj 1 j Li L Cj LaJ j_^J I 4-J 1 *^*i m 1 

djJ-nJI 1j-A JaLiSj^il dfl d[r® <d“^As <_jjus j^lC. JaLujI dfl 

^ .. 

6jfl"i-t-Ll^Q 4j_O^JI Cj \jGlllI ?t...\X^VJ i4_fl_ij_LJ1 6 blfl ij .CiLuJ^JI CjLjjJ-) jLl I 

,J-qI^£. J v\"v" [ U\\ I^JJ) i.U\^ UJU .\lfl \ " -J J >» ' IJJ >"■ « JJ 

j j^ t i 11 a i 4-i *15^11 4-xdjjJ 1 Cj Ijjj- xxo^. 11 {jixfl Lii j*^ d> I ^ Jj-ail 1 IAA ^ I • Sj\ A a^I 1 

i—i /hLjQ La^JLcuLfl ^jxi Ij ( Jx. ,j1 jJajj »4^Ui^Ji 4-i_ujj^d1 4-L^-iLu^ ^JlC iLdj 

«* 

* 

4_j jLc jvjC. jC-Li-a 6jL1cjU.ua)) tjlfldiLj^. (Jjfl-i Lo^ ^jJI 4 r_j 5\11 IjLv 6j^_fl 

«k 

«.dJJ i3^9-® 


SLlaJI 0 v.fl,m.t 4 ja^ 4 Uiifl-a, 

^ «• 'V 

4j_i i * JsJj LtVvxv,i LojLc 4-xxifljJI 4-i_ujj^dL jUdJI ^3 4j-oSJl 4-i-ujj^dl Ijj3 

(jjiflji i 3 4\*C a! I 3 jl-^ 11 CjLj_lLjj ^ \ d \aK 4H_i 1 * ^jjjajlc^J ^ < .4ju^ 

(JJ-lLo pIj^. 1 ^ IW^a 1 i4lLi *\ * JaCj 4_fljLflJ1 olj^J) 11 £-<& La ^ 9^3 ^CjlAjJI 

CjljAflJ ^ * <.4..uxV,11 oLaJI CjLjQ LoJaCj .CjlAjJI juC t <3 4~»j-^d jj 

. JfljJI 6 j^uali Jl ' * 

M * «• 

d-Lafdl CjLLJI ^j-a JJLC. ( JlC XoHjlj ^ a*\ II j31 6 jfl . jfLa 6 AA dJdi 

J*\ <7i 1 ^ ^ ^ ^ -A^ d^ Lldc ,1-A-a ' 0 lr> 1 j IVifLcLi 

4jj^j <ni L\\*C a ^ .4_i| (_^dl LiA jjL~ 11 AflJj .pLoj 1 r U ^_yA 6 CiLo^ 

n W > 

CjLkjJ d -0 d| CjIJ^ i£• 4 » i 4-ifl 1 —iCjJ 4_ji j| P C5>>^ (_$1 jLLljI 



... £>j_) d -s .&\ cLaj 

* L. * 


(JjLcu ^Iw) \\n*\ 4JUJ! 63a 3 — Sj-a 0*^1 • ^ Mj) 1 ^ jGlI ^JLuu 

c- 

£ tia3*0^ 4 3- -0 j^1 31 3-^3“^ — ^.^Jl (JjLuJI j^jy- llxl^ 4jJ ^>1 (_£jJ1 

Ji c£jL>^ ls-^ >A*f^ dliA ^Uoi 3 <d ol c5^' °^>3f4j3* 

j£3j .L fl a "iff i ^jJI 4_ua£J1 CjIUI JAxji — 4olc jLcGc^Jl 3*^ a > ju 3*43 „A \ * s Jua> 

1 u 

.£>* JjSl La dJ j <> ] j & ulil 


9 

%* 4 *» 


4-Ljjla 4 jL 4jLa,^ 1 fllj Jl^. 1 ^ ^jl ^bjrLfil 


dLfi ^1 tdLtuLoj old 3 *. SjLjuC. 4jJLc J rn * > ^-4^ ^)JJ)-LL>cl\ ^4^JI ^j^>^o_»J! ^jl jGd 

** M « 

i^y^j aJL^JI 6±&> 3 d tc.1^H oL>L>£JI S^jjfcUo plj 3L£ \* Lo jJlc 

«k ^ 

5jriLxi jJsSlAJ ^ 3^^ tjj;^ ^J)-LLCL\ a I JaS Aiil JLkC 3^-1 .^dLlI J) * J “ A 

3 jlf%..> v—4111 c/JL=* ^yuL53 .4_)jj-fiJI oL^J^J)U l- 4111 o^lla>. 3[ 

— , c- ^ — ft 

CjLuuLlaJI s3a 4^JLjLjq ^ dJj JJLJ . 1 17fc A 3^ l y^-ll j~j ^ X 11 3 ^q <_vLU 4 13luI Jx- 

ft* 

t4 ji \\ 1 4 t <<i 3j>(3 ^L> 1 (j » <a J-oLjCJI 3-° 4-3-il t(_£j>-d ~*-Lj 

* P 9 ^ s. 

•Jj^J 1 3* J-C. jdaj jl 1^^'j 

13a 3 .ic.J)kl^>l 1 31 jiijJJ 3L^ iS ^ 3^1 dllA 3^J 4jl jrLil 

t c - 

gt£- 3 j «l3_kLuj Lo ^3 «dxuLcu <ds d Lxa ^^jxuJ 3-43 i4_ut3 ^ Ia^sI a 3Lxa 3 ^-* ^d 

y' 

3 ^J l3a J-^3 1 A v>tg ^ dLfl iJLa. 3 4 mflj j^J^_J ia5 Q ^ /i.fl** ^j3jyXftJ1 ^dLftJI 

T^Cj t4_ub^oLc. 3j^3 iL^I £-4 d ^ a ^U 3 U dJjJ .4 juq 3^13l1j 3 I 4_i£.I^Jl qIjIj^JI 

^ ^y-i^LiJI J£ Jljj j^iJI 3-tj Ja3i£: .^lj 3 La 3 4J1 3 1 LS^ - 5jd^-4 

^ dl j A 3 ^ij ^ 4 _)La.^l 3 I IVxuuS Q ^- 1j -d^a II ^x. d lVA 4 jLd*^I 1 3j13j <4 x 

*^d 1 


SiAJLuD (j\i 

•* M 

1 3a J3o Leo IJ . 4j Lch.^! I j 43j j3=i ^j-A 4_lo£L1 1 4^-fcu^aJJ a-^ 1. 1 <_* ll^il 1 

M * 

^jxiiu 3 4ji_4-» .LojJix. cjl.Li^r>3j die 3 ^ 1 j 31 3 ^j> 1 3 ^ tdJj £-43 .jl313.^!1 

3) 1 (j 1~>» 3-> i,J CjI LJur>jjjJl^ oLl^jJ-lU 3 ^ AO 6jl Ticl 3 ^3Li 3 ^ 

JjLb 4j-ublJLsI jl oLo^l (^ .a*^ 3 ^J> ^ I 4 \a\ 43j 5j45 J j j..^ 





Jl jloLu'U 

^ • t- 


a Li t 4_JI 

* w' (> 


- * 


Jjua^jJI JjlXj Jja. Jl llllc is\ 11 jjIajJI ^jl £-03 

.LgLoj 4j i.illo 4 j-o 5LII d tjl 5 H ^Li tiiljJ tSjLaJi (3 La. s 

JlLa J*l inA J_c. jpJuLi^o J*\ /7>t 4JUli Caah 1 J 4jua5xJl 4 Luj^aJt jLi dJj ^~4_9 

Jj-aJI JULI Ljo 4x4jJ «S^)_ibLL1» xllII 4^^a. LaV i -.i * 111 4_J*_fl^ CjGjLlo 

Ufc 

lj[ 4lfl xu 4jLi^Ja cdllA Clxu i 1 <S j\ mf. Lfr£J 5 jj,K o 4-ijjj^a. iJLuii 

<J-a J^l 4*ii q 1. 1-la^ jl 4jLi^>ia Ll 4> ^jauJ <4 jLaJ > jl 4 _l1c. 4_lLclC. jl ^yia-ui 

* fr * 

4 \ m\ILi .^Ijl ^jJI 5 J Loll 4^j-aJlj 4^^aJI 6 j ^ A> ^g-L<xu| 

‘LT^^ Jx. ?^uolj tjJ U( 6 Jj^» 

4 * *» 

M 

JjCuuhTiJ .S/L^ 4-a t-fl ^-oSUI j^j) no^ll ^ j Liifc SLo Jj-fl plj_>l JjX liLa 

*» 

jl ^_o£b ^jjaxo^J .JSlAll J-o tSjXoo 4-Lulu., Lojj <<LLujlLxo Ja. ^_jj5 J-qX 

M M 

J>-a — da oLail tCjLlaa.'bLa Q 1 ^K — jr\^>li-*Jl ^ya 4x^o.a..,o ft^LC\C.I (3 ^ 

JlLJ * d \ll a~ w II J^LAll JU3J 4jLal J£> j 1 Tv4-flj^ia Jl 4_^La- 3 J-L-*J . OI j J-£l] I £> J-4, 
"sNI J^L^. Jlc. O^a-Jl (3 LjJLj-o J>l J^.o-j Jlij) t .1 o*C 11 


CjjU^I IjIjlcj tjxjx jUuaUI 

4_=fcj Jo^l JlC. t_i-u>LLo ^yoSUl ^>JJ) iLO^. 11 (jl 4 \ \ \ u^\ 4 K nit I ^Li tn lo£ 

jxjuj . 670^11 jldc-Sll (J-ol^t Jlc. \01 %.» ^encryption y 6 olji-ii <iliJ 

^ya i JULI J iwu Jlc. . 4_Lq I y£. J >, La-l JI atv.j CjLjjJI JJJO j\ fl S^i-tL Sjji ^jujLl5 
4Hj 4oj i * J^o ^ 1 AiIa ) <<n yLfluuaj 4 v\S~ 5, \^*fcll CjLj^I^JI <3 t ^i^jLiLl1 j\£. 

.Ijja. 4i-oI 4jl_i £ *—1| 4Xj^Ja O-tu-Jj .(jj^jliJI A xi-U CiUUJLuj Jl oLa-ui^j £xa ji lj| 

4jloUw j cJUJI Ian Goldberg ^L| ixlki^ul j j^aiwn j 

j^l JjL-a Jill * 4 x.Llu CjIxLcu J 4jl> £ * 6^)i <7i tilQ t jl J^i (3 I 1 q 11L*s 

J J^Aq I 4jj N ^\ ) I J-4^3lA I 4ju» 0 'X . I j* * ■ ^ * * A< ^ Y 0 • 4^Li-lu 

m <sr 

p > «■ 

j i^Jillli John Gilmore jy&iy*> icLkLml j Sjjoj .(j_o^I ^Jlj 

^ *\ (3 4jlJ ^ 5^i <7 1 tilfl ty.{Lis\~ juo. <Paill Kocher J^j^ 

(_£i j!^J . <_iJI Y o • Lo^ fl l5v J^ >~i * ^ A ^ ^J^JlXO^ jO. I V iiil * 4 -C-Llo 

u&^tJ j) iS^i ^ ^ (jr°^ 

.^j-oijJI jr\ fl jAvII jta^OJj 4-I^uLui^II d^a-LlJI Jy-o ^ II j*\j) % t a*C U d i\5“l 



... Sj-i jlz». ^LLjc. 1 pLli 


ku^o yullJ (j{\ <n) .Godl ^-kdtd Lfljli ml G^jJ^iSllJI jt U£ j£J 

** w 

j-& jl j£jj t cjxs^ .10*^ fl Ijdl j< <0 1 ^ Q i s>T\ 11 4iGjk jXwlfld jl £ 

^ p 

. 4.1r. LjJ^jo ^jJI J^jJaJlj .-■ '•< >1 «)jjl» ,itjLullI C)ljjL*JI 
.quantum entanglement *<11 uL Lilli <uic. jiL* jrybJI II* 

^j^LUJI & j_^J ^.fl1*\<0 ^ in) <4dxi£JI i^lI L.<aix?i1 ^ is+i\ j5*d ^jJl t jdLutudl 

* p 

. J Iddjdfc. 5 jPLGJI 6 JP 4 -y JS-) OJ^Ij . ((3 Jddld iflLuJuO JlC. 'Vti^i J-X-fl )) 1 Q I^HM JQ Q 


.i iljjja (3 qA-u^ 4_xx>L^ j-a Nicolas Gisin jouud*. \\ 

^** ”'***’*" * " X " 

fr ft .ft 

.4dd^juO iN_flLi.ll (J*^Gv jx> jd jLu^d-o j^pGul joalji jojjnjl jv mi^i . J 

ft ft ft 

p * 1 A 1 <\ ij^ * lW-^I tjjLxol k\ii. do t in a \ j1JC LlLci jG Jj^flll >Ll/^I jl A j-S. a \ J) 

* jl l A 1A (J^ Jp jl^ d]J jd .gLS jrGfcU ^1 4jkP Ijd^d jl j5G\ j ^L^jJI j-0 ^ kxil^ft 
JLusjI g\ dLiP j£d .£a1 >Q LxjllLq jd^) GjUUO jo jll * ~>-N I l^l^fl 

ft ft ft 

•caJsi- jGj)< \ ni 1 <s Ijj jG GddJ jl 4 ^ WiAl^ II pGjdJlJJ jfGfti < jojj^a 11 {^J 

5 

111 j.ifli (J, liLlj .jl J_L11 ( j>tfl‘i jAJil I <\ \ d ^ 

(^j-o ilLojJl J1 fl"v^ Lfil£ (ji-> Cxfl^ 11 (jft^ ‘Lxi^Aaj Jj>^ 7>- *> JLu^jl jl tnn <i]LlA 

S^plilxa (jjbl.iiu ilLs^ 3 LoLUil2kJ I . Pj-iAJ I jASl I Jl 

•% 

jpJ"v II jajLjJI ljuib .Lo^Lid ^JjLoliJI iflLuIl £jC, ^...kk.i.lI k_fl^w2Ui j»-=k.SjL> LclAJl>-1 

oGji^iJI JlLa J*HJLi- Jxa 4 1G 

(jji <Pj)i^i.lI ic^uu Jjji IJl^ ^cl ic^xu (J/nJ ^ju^I^JI Owi-^J 

JLfljjl lj)^ dxulcuJl dlfl iJz.i t"v 4_i!iL^^ ic^vuJl tiijJojJI 4a^GJI 

m 

(j\ <iu% . J 4 w Cxi 1^ . 4 J 20 JJI ^j.<.i fl i 3 kd.iA.IG QidJ t 4 _la^ JI 4djJkiJJ Gljj j Q H 

p P P 

Pj)ii^..11 ic^u ^^-njjI JG^:>^I ^jl CiJdjI L^il 4 _lxdLcll^JI f^jjCi 4_ifll^ 4_2 *jJ Jc. 

. Jfl^l Jx. s^o L^i\ 3^vktd 

jrLflj ,^HJI tmnN d 4 jj fnj .1 i 4d^kd S^jj&LkJl &Jj& 3 ^*^ * Jd) 

«» 

(_^udJ — 'il iiLa.^J1^ SoLaj)!* 11 l^d J-fl-xi (jl l\ VC XU ic^ou J-tl a A.11 4x. J-UJ jl 

4ft 

^>l^>fl .jo ^ cf\. H cGLouJI 4 k ix.) Jj Lfllaj Add CjLq^Jjla cJGxb 
■ q G) G ^ 4_fl jJl Jp C* ,m *1 4ddG — 4 a s *r. d xskK d t fr Jj miC. ^cl 

4-fldlkdil 4ddl^- <M a 1 1 CiljIjiJI J1 CxfljJI (jxxfld 3 4JGdJhl 1 (Jxfld-Liixj^ Jjlo^o jdi Ji^aj 

. J1 JiJ I Jp t Ip.'T^Lllli 3 j? 4 J GujJ I 3^>PxiJ 1 cLa 3 jX ~*w \ / J 1 S G .^LSOll oG^jj>flll 

4p jMi jjo jiXj JlpI oGjuj JdP — uLjklG ^jjjdJ 5 — 1 ^1 j hi cl J is\W GjLi'-dJjJ 



•> J I 


CjLj4xjI jJlxJt ]I ol^l^fiLll 3- 1 ^xi l$J^Lx ^ya lV\^ a ^ ^_ll| s.\ ^Jl 4 jL> jJcJIj} .p^juaJI 

M 

Ica ^ ifl w (3^-1 .3)33^"^ o 1^ hxx JI JLuJI > tS n LIjcJLxLoj \ Ijl^ ^Jb oLoj^l^.o 3} 

,i,p ’ v* w ^ «* 

tlLuj Lclj Al ^1-L.i.a, t _ii ^111 j 1 1 Ciljlji v ‘^Ji ^1 Wli ji 1^_4 julaJ I ^IjljJI 

«% ^ •■*■ 

.ijjy^^xa 3 )[t® cU 3J .^_aSJ 1 cLiLiuliJI j-qJj ji Lo 

3)^S i a*\ 11 cblxuxll a 1. l^k’Vii.iLi qLoj la n JiLj j^iJl Jl£« 3j< aTi aJ 

M ' ' 

^xll j\ Q nail I 4. kLoX- SjLc[ lx! ^axi a . Jj >.) j| IjxCLa 4 xM^hjlaJ 1 Jiu 

<4-x>^ iA> 4_flxl 3^-1° (J^ <JL-jJt {Jxflx-Lii-oj (J-to^yQ 3)^ 131 ♦ 4 xaSJI 4xxu£^J 1 l-A^ycj Jx ji 

4^-i L iiufl CjLj jLU dJ 8 ! Laxl i 4 oj IoaJ I Cj I j IjiJ I jJl 4_a -^ ^_c Loj^JLllu 3)1 1 A ^ ^ * 

4 jl^Ix 1 I 3k 5 4 ju 1 j).uiC . fl n'Vi 11 3)| l ~ t t ^3 .JI^lJI (J-C. La /i(jij^ Lq 4 JL 0 J 5^ Q i7i dLiJ 

.4fLfl 3)^-^ ^ (jjilo j\£.^ 4 xujLx^!1 

^ ^Lc 3^_CX ^LwIaA c1l£ >—lA J “ v ji dJ J 3)*^ ‘Ljuiijl ^Jx^U-cLUO CxLtfXxJ \^ 

. ijLu^XQ 4j 3;Li LlUjJ . 1 

SjiJuJI \ LuU j\ 0 ucijk] I i!L> 3 4il i-^ 

*4 

.£^XJI <c.juu ,k.a< — ^VC 1 c-U>^ 4 JLjjj jJI 


LLflla yXII ^1 

•* •* 

si 

LxILc 3)^5^- 1 i aa ij^Njuxll olj,iQ 11 ( J-oliJI ^LLxxll Ol^^xxa^J 1 ^yxfiLxi JLax^.! 

-L»jL^> t ^ \vTi 11 1 .va 3)1 3^^. Ci^jLxil 3 Ljub_il dllxA ^jXuxljj t iub-slxLo 

jJl^ Roger Penrose jjjli ^ 3J ,> JlL ^LaxA^Ll SjliJ Cj^jLxII 6J-& 

4» T 

t xx\\ 3 pLjJxiJIj cjLxoLjj-11 

aLc Lx-ixci -_rv< 1 1 4il^o 3x^.1 ^3J1 1 ftjj-U3'^ feS ^ v Jac» 4jli^ 3 

olxi^LjJI ^JLc L^xul 4xi^^iu iS'iLc. 3 j^U v .4_iu 3 jJJ 3 a- 4 jj >4^- ^ ^ ^ 

CxfiLu2>j (^-11 ((31 aJ£- 4_*l& jruc» ^J3b^ Klilt Godel 3 J S >^ Cj j*A ^ixjuixll 

*4 ' Vfc 

4xfll^ 6^S J j^Uii 3 4it-j 3^-^i ^xl 1 j <CjI v.uoL)jJI 3 *» CjLxAj^-LI L^iG 

3>a 6JLa*.l^ Cxi IS! dll .1 ^ <aq\ jj LgiLijI 3)< ^ * ^1 LiLtixS J^.^J *4 _ulxx 1^ jljuc.1 Jxl^jJ 

. j%ju£- ^-ujLjJ 1 3)^D1 3 Axil ^U=lj ^xll cLb 3 h 3>5JI Cjl^f^xi 
,4xo3^l^a» La jSyj 3)1 3 )^.aj Ll 4. y.juoLj LLic cILxA 3)1 4xa.lxLXLU^ll 3*4^^ 4xAjryo 
.L^-LJ cjI s >J^JI 3>^ LuL^»^ 1 jjx. 6ca 4L-k" m>LI 3j^ 4. 3^ 1-Lu.fl ^»1 Lee ^ ±1^ 3h^ 


N OA 




... iyv ;>b^a I tLu 

- * L- 


4.1*q.j Lo Jjuu 1$V\a, i ^ o^SlI <jl Jjl ^jLfl <^UjJ 

w p p 

<oj ^ iiiuiui ^11 fl \*\ r> > ^! *Lo ^j 33 JaiLfl I o 

.(JjuxsI j-ulx!) ^li ^3 .cilj ^j>£.ai j^iuJI .L$_U. 

L)» 1 1 fil 1 L$J r>^> (JjLtu^O f* (j ^ * ^ii-dl ^jl Q-d ^OJ t H,JJ} 

Jwo ! d t \ U L^LLJI <jL> d A ^" r m 1 jj_i Lo-kfi^ .4 va*^ II d v .I.j-vl l i LiA-l^ol 

nu 4 i 1w~i* U L^U II 3 6jr> > oLi-i^£j jjjAJ j^Aj <4»ja£ ob^Li ilC ^.^.Icu 

w “’ ~ ** ~ " ** i 

P 

.ixo^JI ix**^=J1 *1^1 j o^-> -u microtubules iLJj oLuul 

“ < 

jh£ — J-c o» — jj>LJ Jj^l <jli 

!I jJlc t_)L_^ ^\a^ 

‘J ^Ja-JI 4-LLflJI j\£- Jj^=* JjLlliX! <jl ^ LL=fc. (^) 

jA.^J ^jl ol^J^JJLA^ 1.1 ^j^JU l^i v l^S c j^iuJJ ^^Lcu . Luba l 1 flJru * (] ^ 1 

p 

.^iuJI Jj-o (J lAfll JLJJ Ijjfc i3 Jajlj A^iu 4lL „S ^ 11 o1j)\ <nll j {J-&3 <(JjlIL> 

.LuCol 4WLaii1 (Jj^^. ^JjLuidO 4 j 4^4.jj-i^ -V II ^.jgj tjl^- (^1 (J-C. (V) 

^J\ <r>j JJ£. l^J 4 ^ 03 ^ 13 ^“ 4 \\s>~\ iiiil JjLaJl! jj^ ^ 1 

m 

(£> V i 1 fl \ ^p^-U-O^ JLC 1 ^ ^ ^ 6I jA n\.C 4JLaA ^1 4_XA^JI 4,..1 -^j^^ .1.1 

^Ul 4aau^aJ1 ^jC. 6j>-^-Lc ^JJa3 l^J -4 v >1 d v /1 'jy^ Qlj^\ i-a 11 CjLj^jJj^_s J NLk. 

(JjLtu-o j-ulxll ^Ua!Ltjj| Ijl^ ^1 ibk. (V)^j C)^ 

*iUj ,JJaj i4juaSJI 4a-uj^-=JI J-£. —luuj (JJj 4jjLaJLtail 

(js iuJI gJLI <j\£ IjI .^s-i^-ua J> llj 4uA^Ji 4-txu^aJI *!i! 

I jjfej t4\*\ a a 4ja^J1 4_x <u j) ^ II ^)1 tv 5 0 v~L> )jj^ ^Lfl i4.jj& 4 1 j ^ > 

1 *M4ll ^ CjIaJI ^1 .4ja^JI 4^iau 3-^-lL ^3-S-> ^^jtu 4 \A t vUvIl 11 ^.j A LkJ I 

^ 3 

o ^P 

^jwjl> aj i^jjQjJI u-uljj3^II Jj-o t4 ja^.II 4-i-tu^aJI j_ii^Lau <Li j-uluJI 4. 1 txrtJtJI 
1 Cj j — 4. l5. Q\11 — 4,t a*\ II OLllJI ^.uLaJl “'~ O^l^l .L^Jua ill 
{jLwja^ll >ua ^i jrLfl-j Lo JUa ^jxuJ^ i.3 

** i 

. 4 \ £^\ 11 4j-uj^-^J! Jl 4.a.1c j^uaLo Ja 4 J 





3^^' 6* f .4 ±jLg; 3 J &l jjjis J ^liil ^o^JI 

f, 

3^' ^ iia>SLJI 4^-tu^aJI 3I J>£d djl ij-uj^ 

4* ** 

.^1 ^JuOJ ^yliJI - ^a^JI tiLmLaXll lilfi — 4 ^mQ^JI 4 \ nu ^aJl ^Lfl 3J j_i 

4* M M 4* 

juua^Jl 31 ^1 .^.ft^JI t»l ini a" U cIa^ ^1 £j\j> LLaLu^jl tilL- l& 3I t_s^jLj 

*• *4 44 

j JJ^i ul-® tL ^ £*3 -LT*^-" ^^LalJI vji > T ii .m j l£*J <^1$^ 

44 44 T 44 

d \qU,\a ."wit il d-UiSLll CkJ^I £ kKlL> -l tQ-UvV^ ^jJlj ^ .j^uSLall £>LaG^i (3 -laLujl 

i_jj^£.» d aK /j j a. w“ zh t ^Uufiljll (J^\a ^ Lua^ 1,0 Jag a ^l-G 3 l^jl — ^-jLu. 11 ^ \ * 1 Li 
^arJI 3! jaaj ^ j 1 =lj 1I 3 *^ -(ls^* *-a*®*J ((Strange 

*4 44 

3Ll& (jSl LuU. 4«24jJa jjJoILau! L»l cjkjLaJI 3^,3 •*dJ3] 3 t 333^ ^ili-ll 

gGa 3 Ld-a Cj^£-A .^jl!iJ1 ■...**«■*» 3y^l 3^ 3^uLalll iilflJ ^C^JI 3-* 4_*3® 4 _Ll^ 

44 44 44 

4 \\~\K 3^A Lcuj .1 (j t r\ A j 3 3 C * Ctlllaj ol^lui JbSLj J SLzw d t .A a U 

44 

c 

LT*^' t?b (_£jJ <n 3* S 1 1 

Si 44 44 


(5 ^sauJI £ttl :o£J-o ^luw\lI 4j<ju£c. 4aujIA 

4fl ^1 ja 3 jLaJ'SU jj 3 JiLfcll jtGaj <jx>LiJI 3° j3iSJJ 4 mi\IL> 

* 3 ^ .J^T j>. OX -> jJjJI 3 I 5^>i>A 3 j>'l,J iQ ‘ > *^,5 11 \ 1 < 11 JJ.l^JI jl ni*i\^ll 

.dJ ^jaJ. 1 3-c 

Herb Simon 3 ^^ ^ v rya> 

Daniel Dennett <Lilij JajIj , uiaISI LqS 

44 44 44 '' ^ 4 


SlpJL 3^a1a1jj I 3^^f ^ 3^ 

•^b ^ 3*^ 3 ' Sji=> 

44 " 

Ralph Waldo Emerson 3 j^jm\ jaJU ^iJlj 


laLu^^l^ 4_A^JtJLl 3 3^^ 3^ ••• ^->J-5J1 (JLC 3 a !• 11 frLa<L*J] 4 s m\lL> 

JjLflJ 11 "•*- 3-^3 jhj)^ 1 t I ^d_ujj Lcus 3^9 * • • 1311 

44 

q-HI 3-^° — ^^^1 I^ ±^r\ q 1 wj S^Guo UjLScL L^Jl pLglI 

0 J.I Ja jj^*-U 


C. S. Lewis *(_>^ •( > ^ aj 



... SJ->J-=*- ;M^ol pLlj 

M • ^ _ • 


.iLLuJI iAJL, SaW ( v ) jl <( jjCII 4 1 y 5 «~ jSSl (I) :^a> pKAI 

4 a iha 11 qLjLV 1.11 dilj ^a 4jJ .j un Lo 4 jI (^) ^-A i^jJaJL :4_>L*.^!I 

gjUlJl :pl^jJl 4 JoLuj_» ^j£. JjlaJL 1 i 8 * \-v~ jLa.l .a 1 a*\a^LI Lo SL^Jl ^_UI 

. A Q x\ 11 \C- kVi LcA . 4_Lxuq_zJJ d V iit V11 4 -lLqJlII Q d Uv \ />» \ 11 4_» J Li Vj I 

W « W *% % W V M % M Vp 


^ q*Cj Lcj ir> ^JLl Ja 


1 


LiLDl J AC J^^. 1 1~ 1 j >■ v.S*%J 4-iiLuj^l 4 \ MS^JL 11 4_xLkJI JaC J>£. LLo fla Jib 

Lojj S^ALI qIjAS J^a. 4 -A^jij Lo £jo J <nT> ^^lJI £tll J qNI u ~\ 1 ^ 

^jti <aDa^ j-o^!l jl^ Ijl .iifljju Lo-o j \£\.> Sja 5 1 Sj^iuJI d i %a 11 LNLVJ1 
.£J8^lil ^jA J&\ LlS^ JjJUlxUL) A£ QljAlL]l (jaO ^ j-Ju.J 1 ^jlxull Jlc 4JT pLj 

^jJI — iijJtll J^o «6yVJl-u^Jl ^KqI1» — qIjj u^i 11 J AC qIjj AQ~> Jjl A ^ \ 


Jl 0 ’ :jLkjSLl iii'i! Sj>*^ 4jj£ Ca^x JL?^ (3 c£/A 

^Lull ^ya *_uulj jLLu JlC. \^fc. lT\ ^^jjjiuJI (^jll IAA jA-XJ .c_Sl)I N * * 

M ^ «• 

j \ A*lll ^iCiUl d U /,.! j\ J^oj ^jJI 4_*_fljJl JlC ^Jal jll J AC :4 j yviuJI 

^Jlc JiLo JLvjO <3 '$ ^j^u ^jJI qIj^-uajJI jl tgojlrt mil (3 

\<aK v _aJI j\ \ m*\ m ^ ^aJ 4 a 111 qIa^)-£La^ (pIjJjJlJI 

.(yvliij J5l 4. va^ ^l^gi IaA ^ w"i. t % 

^jyQ toj\Juu2 4-Cj)A^k.A Aj^aO ^ vU>U % <^ib 4 11 4-fljJtil ^^jJI IAA^ 


4^xujuL uj^jl .4_» j-Jxj Cjldjl^ LjJl vTlCL) J-qjlJI pIa^ ill £ Ll^\ 

1 lT\ >1 IViaI .LcLujuI ^d^l <4 a iLfcuJl s^kdl 4-xlc Lo aJJa J Lq-i ijJLxJL 
^cl vZrNI j i4_)4JLlJI^ <4i^klll d 4111 :J^Loj^II Jlc i_a^jlaJI J_c Sja5 

^jl Ailcl j .c»lj^JL» JLua^I j t^'JfLlIj 4 j-l-uJI :LuIjL^o LuaJ j ,4-^^^!Ij 

v->flJI j^l ^^A^aj jLuj^ 4-aIjlJI 4AjJLaJJ JjQ x a A-^k. Jl ^*\-iI 11 

•» 

N * *_ % 1 v v 'jQ~ lj-»AAd 1AA 111 aAAjj • ( j.\^ 11 L^JLrwaO J Sy\-xi. ifl^JLA J^o Sja 

m ** 

r 

cjIjL^LIj (JoLoj^II^ ivi>ljj)</Villj qII ^ja plj^l — 6 j\xis~* ^^i-Lo 

(. " 

^ A jjAQ*ill IaA /j! jJ ^tai tLLa.^ ^gjxjuj Lcv\J .JjLtujl J^J — 4 ju^LaJI 

Loj l a^wjlA ^tll Jicu t(i_fljl ^yt* ^>ii^l JaIalaj) 





















^L=J| 3 ^ 




N • •—j Jv <7u pkJJ 3 4 joj^jl 1I LkNi ^ II JJ£ j ^Q ' 

N * * (^I .ATw Lj < 4 J l^W (J^J 4 _Lu 3 ^ \ * * * 1^-UJ 3 !* £-0 ijlxio 
Loj) u-ijljLl! 3- 0 4 » Irk ft \ • • 3 4 1 jj ^j^jJL^j N • * * d 1 

jjJLA^ JuC. Ja^ rv-k 7 <(oljl^ilj JaLa3^!l dUj 3 

.iijJLil 3* S^JLua 

4 ill \ 4.±.U/“\ % II Cjl^ulJI ^ jJI 1 \J \3 ttX ^ Kw.n 

^ jLaj 4 j^Ij 1 r w 3 JJLJ 3 . Lla-luj 4 Irk wm L^J ^3 * d u ^ ^ i 1 t *Nl ^ 11 ^jLaj 
4jI ^jl^j oLujiUI (^jJ djfl II 4 j-uu^jJI L^LkJI d^l v.^fl" 4 _)uj jj^JJ 

^ jkkA^I I ^jLaj i jja L\vQa“> d k\l 3 II < 1 m,^<I 1 Lk'liJI 3 ^" Ia\ vt 

^I^jI ^I aVw iiL 3^9 .LLuil^lo JQalJl 3 (jLfl i^JkollI 

4-la Luu >J^Sl 1 4 jojl^jl1 I L^UJLj Laj I \J >X 

• ^ M « •% % V N/m ft 


\*\*\ nn — 4 xkK < 6 jJbLia tit (J5v /u t4 _^.3 — di^jcll 3 ° 6 j\Ju^ 


OLft cdJjj .iijjtil 3* S^JLua ijtlaS JSJ iiuaj kjjl Jl J^u ^jJI JJUI 

6jrv-*-u3 4 *.lr> ft (^^jluJI £tll (3 4 \ *. <^sr. 4 I .>^3 ^aj^XLjJI 

* ** 

.^3-fl a <o jJjlj 4-a^xuJI ifijAil 3° 
Jd£ Ja.) J-*-^ ^^ A J <jjl .iljUa 4-uaS j .w“ JjLdJlj 

<vJJj <*--03 .U^i^jua v-jLuiaJI JJcuj 463^0 <_flJl_i j^l (ifij-xil 3 ° SyoLuaJI 

£tll 3^-flLuu ^1 ^^3X1 3^° 

j*AlS\n ^^iuJI ^til l kA^ ft ^-O Ijifc ^Jl^l^jl S*U£JI |Xj£. J^-lulL)3 .113^1 

l, k U ju \ 4 lj I ft iil^3 Jalji^ll (J-o 6 J Jlc gtll > . _1 Aq1 ^ ^ J< h, > 

(JaaJI (3 3 ^^>3 <II^L 13 4 klc jLoJlC^U 4 1 1 k( S 11 m.%K I i~iLq ^ 1 * 1 1 * 3 ^** (3^° 

• 3 ^oaJI 3 l wck.\53 j-o 4 k ijum II LNirkll v5 a 1 JLaJl JjjlII ^£.3 /sc i q*v % 

OL 03 1 a <k 4-aJLaLA ^J 3 ^lJ 3 3 * 0 * H cii ^ 1 *^^ * 4 Ijjl 31 V v % 43l ^ #.. l 

«• 

CiS^JI 3 L°^ I^2 ljG 3^1 3^j-*j ^^jJI 4_»J3 -Cl 1I 4-kJjuaJkJI 4-jiaJJ 

9E 

•is&i 'n 
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6 J_» Jja*. £L33 *Lu 


4u^xxOjuuia u^i\ j l^J iw, Jjjj 3 >kn ^ 5 ^ 1 ' <4ijA-oll J^AJ 

w «* 

4 j fl l*\ 63 a <£JbIj_I 1 (3 0 \5 11 (jlulj ^ni jl ^JLc £-jq 4i^dl ^_lcl 2U 4 i 1 aCl plg-Lin 1 aK 

Lflilj jL3h. 3 (jr^L3 ‘^LSjjill Lfl-ilfc Jjliaj 4j^)j)l-n 4 % 1 ac. 4-%. iVt 3 ^ J-flJ .^l^jJI f^-iu 

£ 

<3 ill 4j=fcj}j Loj3c. 6jiblIiJI 63 a .4Vvn Jya 6 Jl2La3 Jl 3L> < L-t win 

Ltt.fl.ilg; 4 La wmll 1 1 jljilll 4 il ac. l a <4 1 a w.<n 4 * w/A i Ijlu .^3j) i itt*\ 11 

-4_l\A^ J_£ <SjiL*_tt CjL- ttjjI^JUJI 3 4-^k.iVill - 4 a A. i A 11 4 t /. ij 11 4 -L^LluJ 

4*V il Anil jl^fUj'ill ini (jJ^fJU-iJI £*-LI Sl^La^-O 3[ gl3a3 LuSU 

(c^ju^Lc JfLiTu (Ji^j Labile 4 iIaj 4^ j^jj 3* q~ U£ LoLcu .Ifl \lc ^ 3 * Ai i jJjJ! 

M «« M 

<4j| 2_U £-0 P^jlJI ^jllAj ijjl-flj ^)l I \V\ tt \ (4_tuilitt ol^kJlxtt ^fl fll J ) 

<4.11 JI ^ ^ “ <ai 1 l v Vwi \ .4a£ j 4 il acl LjJli JjLUtt 3 g jj^JI <j-tt^l 4jLfl3 3 

4 \ a ^ 1 I \tt fl fl Sj\j£ 4^jJ J| % j ^5LI £til <3 4JjuaLi-LI iflj-*-llj <^jJa33JI^ 

io t .aA i \ \ Ifl*>^ £uu3 LVi<Ltt t <^Jsl 3 4ajlb^fl. < vJI jjJI .4-11 3 *1^311 ^iajuaA 

O^l^I^) «6j-ijfrW\1 ^ mil CjI jLtlo 6JC. Jl 3- juD '^I 4 poi^ao 3-° ^l_3^=»-1 ^ ww/A~ 

■ (\ C vll" j ^-ULU J.S. ^L=W 

1 jjI .1 <3^1 ell j ija fl\ 3-1 — I 2_ll 6 1^1 1 4 \ \ iiij^ 11 a j \ q 11 3>o u jtLLj Ltt^j 

jil IL*. .3 j au ^QjbA<jL>ucu Afl^JI \±a> (J!Lq 3 Li — 3 ^ojJI 3 -o jiix. jlxj dJj 3 } iJ-^-L-uj 

-J^olt > ^JUuJl IJlA IJL> 


4 -v <ii\ 41/iiLuj^l 4-i^lill 3^ du^Al\ <11 4n^»j-Lu 3 Li < 31^11 Jiv^x* 3“^- 

«• 

< 4 ^il <»n^jl 4 1*^.1 iiiII JaAS Q^lu-lI ^ <^.ijg>IL> 3J 1 ^ 1 > 3 ^ 4 a j i<£>at II ^.il^ijj .11 3-° 

p, 

jaJ .oLwjaJI (_^jJ 4 _ij^i-iJI 4 ^JLxJ.I 3- 0 3^^^ 

-iS'J* Jfi-i^J.1 4 jl£Lucv3 4 11 c 3 11^4 3 A 3 <oLwj3JI SjSLill 4 y 11 1 4jxJ LxJLl 

j%n ill 3JSM JsJ J-l ^-4) 3 ^ l ia fllIj 3J J o^ <a. vq*a 4-u^Li. 4 -v t j^i Cj^lu-lI Lfli| 

.^Lu^l 

«• 

^ p p 

4-uj.iiA 3^ / 3* * ILs 11 <3^-lsI^>11 3^-4 ( i 5 > -^-^" < ^ > (33 elllA 

3 j^ ji Li-U^ttl)) 3) 3-0 jijl*i 1110^tX- 3^4 .6.Atfl.n j\ i t s ja I ^- 4 > IJA 3^-o 4 s mX r. 

^IjjJI ^3^1 j^xuj I tt\ n .6,*i Lo 13 a ^jjox! 3^1 Y . gl wnfl‘iSl I \ttfl fl 3 1 _ SlAjuoJI 4jlJLi 

.4 little. 3^ii 3I 3 ^ 6 Jjaj .,U»t 3J. 4 _> 33 ^*^ CjLlojj^-^JI 3I ,V.iv,i <^t-ttll 4 -u1_aj_^*v1 I 

<?«-LI 3 4 <^> 11 3^° eJli-A . 1 o \ 0 ( 3Lfli^l jjp 3-L® I »3jI ^^3 313a 

w ~ t. " - ** 





LJ1 


Ji* 


^3 <4-13^0 Jl IjjLc. 1$1sl jj <GxL»Ji ^a^ui-o Lk 


33 .lAjo^fl jjLaJli ^ 4Jjal^j jJLLllj , J n >11 4 jLjjL> i4jLqjjq 4_uj ^o^aSlI JlC 4»3 

♦3 -*^^* Hj (^jL^JI 33LM <Ji*^il ^(3 a jj£LjJL > 

p p p 

Xmu II3^® o 1 ' *-l * Ll >_2 ^ i^ojl jp 3 Al^Lal F>\>AlLk oJIGa ifljjull 

. ^jjJJ J_aj!l Jx.) *ufl.i i ll JjLS ^ j~*^j ^j^LluoJL Ijjj Llc. j 

I , i . * 

. IjjJj*. ^j-O^ILi t 11 iS^A poa Jjuq -sYu l Jlu 

Ij SpLx. JjjI *4 ijjta.ll JjJj J-a ^Ltl 3I J^ 4 ‘0^3 

3Lu4> 3^ 4-ILaJI tJJj J ‘^-»j^-£>lj-a 3-° 4*JkX3® JjLft JjJj 1-uTktl ^Jjlj^jJ 0 -flh jiU 

* ' 

/wa lii^ ,q ruj 3 /n 

tiijjtil Qa"> cllj Jjla Ij-ol ^.fl.lc (^^3^ ?o j-Gj 33^"* jl Jj-4 

«* 

t^^jLtaj^ll |X^uJkJI J-oX 4 jJl>£ ^..l.xTvt 3I jljl dUj J L^_> J A*. > 4_ij)I3 0 3^ 

<4 a.lj^ a ^L»j 4 LJ JLJI 3 6jLi 6 j-A 4JL*-fil 3 - V ^-J? 4_>jvoLsta 3^ 

GiJ-^Jl l^fl > .4 jjjIj Ll Vs. a .> La ^k.lrkf.1 jj* 4 niifr jll 4_l^|l 1 Qj * ^ ^ k mJS 3I * 

gLLqJjlj La 3 j l ^.-i.IxaJj <4u^JI JLm^jI J-aX 4ifl^ J^-^ JjjLI ^.1 *jJ Cxa^JI Jl^Ja 

. Jjta.IL> 

■*■ I I j£- I Jj^. Ij pUil^U .4 jvJU1 IaC LlA 3 J>-fi kllLlii (_>XijJ 

4j^-lj^fe Jl .LijLu^L i.g \a 3*^1 Lx^Ljfc-oLi Lajj^-A >w"n . 6_ui J&\ ^Gl3 Ij^J^ 

4.k^uVvIl iijjtil 4 -cjlA 3^-® t°-3 .^J-5JI j-jjual_ i=h.lj^. 3 -® ^>*^1 IajLioC-Lj ^-L 


. 3 ^ L>l J L> JJ£3 ^1 Ja * j iwi^-tu cdJ jJ .L^JLdibl ^G_> 3 1 3^° ^ ^ 4 Q ^-U jyuj 3 ^ 

p p 

^ jJ 3 I vtxxrv SjLft 6 Jj 5 i C-t j 11 k I .Cun j-o \ iA^I * l.A u t Jjil OJ^ La^ 

4 .k jjgfl v 11 4 _^ju^JJ ^^a^aJI ,.\(3 * 11 J Jjp /nil <E. Fuller Torrey ^^3^ *(s\ *g 

i,\ >^^?> Sj/s> "v t t >4 i^Lk. GjL^jI 4 III <.i»3a J 4.115 .a 11 4 i^sll 4 > * Ai I JLaJ I ^ 

^Lojul cjLuJ J lj-4A)ji a j 31 J 6^ Jfc Luuq^ JjQ Lj . Ja^a ^t_xj YY'L—> 4. > k..lx> 

*^l Lajj 3^^<4 \ is~\-\ /7tll ^.LuaJuLi Jl J^Jtj 4 j jJ ^I -L n“jI J^-fl tlU jJ <4 > is~\\ /nil 

.Ll^I Ijctf 4 > Mt \ IL> 4_JLLa 3 ^\ 

. a-s.Ij J — ljj=w 4 3 i flj 4 _^-j j-Su — 4 a >3 a v 


^3 3I 3>'AxJI J >_x..ujLLo ^jAii «iirv ^uuj jt^ 43 kinl^j Lkj£-LLaj-ujl J 3^ 3I 

M ^ ^ P ^ ^ MM 

4.4 >311 jaAi ^vj_> 3 1 JJtjj >ll > iiio 4 a >3 ^1 J Sj^jw^o 4.L.O :? J^j 4 ui^C, 4 >!->. 

3j3aG 3^-ajj .4 jJLjJI 4a^>j-^xJI t -ft m \ I L^jja ( _^nl^.*kll 3 ^ <4->j)llr>l I CjljLijJI 3-*3^-9 


\M 



« « « 


pIIa 

»• *» i 


£til 45 La-ujJ jLat-^l (3 p a 3 ^ * * A ?" oLojJ *.l1 6 JlA 

,4 \ \ is~\ a II Lx^. oJ aj o_LaJI a 

« w w»w s/ 

.JLlA^jJl J-Lfl *lua 4,*t ta * .\a~± it j>L^oS!l Jjl ^_yb 

jUA 11 4_j| ^Ij)11 ^j-a *4 i-v II ^I jr\ii^JI O-i-ll j>JLl v Ai 

jij .4 j Wrf~>* II 43 juj <—SlJj 3 4,mfl i jiiSju <jl 4j pjy ^ lj_A> SlxaJI pAC. /ya jA.«^ .Jliil 

.4xla ^La^ol Jx 4 j£jJ) (JlTljI'bLJ Lj3Lq_uij^j jLouC.) (3 4*aC.jJI IIajJ *!)] 


gt oiflj jj^juaxu t>*l > nijJI Cj^II I^-a pAj <(j-*,iJI ^yal^ 4n*jl %\ ml ^ i W\ mi LajI 

f * P 

<lll J ^ya 1 JajiJI (^C. pg i_Sl9^j Jyo J-ii-fl Jpfl j-fiJ-A J*£ tlxi p^^L^ol 

if 

pi jx"^ L 4.J. X pj)*\ a> o (JjUb ^lOoju t Ijg Jl-v^ .pg jjJj^ ■uxa JXj} < i..fiLfi^li I IjJb Jya (J_ilfl JLXJ 
iJLu j^\ 3 4^X CuLi ^>LdLa N • JJ (Jj) ^illfljj 61-taAj 4A. *\ ^_c. ^ “ 1 ^ pI^^Lj 
4Jxa^ ( fc _j JL=w ^1^ 3* I ^^jixuo» ^jlxud^M S£l^ ^-fl^-o J_C 

p ^ f t 

4jJ.Aj jjjjaJ ^jLuJI IjA ^ (no ^j\ pX^jj .Lu=la1 J_c CuL ^LjJLp T 0 Jx.1 ^j) ol J 

£jpjJ Jlxo 4jl *^ll tlLfc 6j^*AAJ ^ mil ^ Q^ ) Loj 1 ^ J, 11/> ^aj ^iJI JjL^LftjJl 


JlC 4j jl pl^J (^jX. jLojxl ^1 lXS ^. ikllj d w■ 1 ^ 1 1 1 4ii>J a^JJ 4 -^v n s 

.C-ul^ 4 jO»a^jJo 4jL> t^jljjQ J3L5J ^_c 

oljJ .UiwLLusl gt.uil 4 jJJ^Lj^II j\£, JjLlp^JI ^jC. pK.~fc\ ^1 »n 

jiljJI <3 LljjJ -4 v-yj 1jj t*C J1 4 j^LjJ! Jya 4Jt^l J^LmJl 4^5*^ 1 ^^Llxxuilj 

6_/Lfl (3 4 JLoI£Lj >ul 1 ^ hi n ^LLxi Jaj Oau jJ I^jI p£-^)) UU ^ <no ^JjLlo^ 

4 ***■ ^ ^£-LxXJ ^jJl 4X^JI J^x. ^X-UJLaJJ 4 t /tt ill % - ^ 4 l^p 5 m A d i \ r> 3 

4j»l_fl MR I \lr>l\4 11 j-» ^ju^aJI Cj1 ^ auLo ^j. 1 JjLp_i_i ^jJI^ ^Ja-l«ss LfiuJ 1 4 q v q j 

4+ ** * ^ it " 

in JLj J1 J (^4 kH Li'^LaJI pLa^.1) LjNLrk.lI pLu^t (jo^t Jx (JjlaJL) 
^jln’tnn i n 6^5 CA^J-1^ pjj .4 j^ui^ 

-(j^l lt° lt° p >?“) 6 jj^° if Jji e cjUl ^t-LLUO 


^■iUlo 1 i“r.LWi/i'l jjSLLjii 1 j4_^.1j , jji^ujmJl^ ^jlzJI JjjpiJl Jyi JjSl 1 xLxJI J^La> 4-^lxo 

^Lu^^ll pLu 2 fBj-o presynaptic vesicles 4/C a/. ill Jd5 U SjrJuuaJl L'liJ1 
/^.n it>sl i 411 ^jJL CjI ^ 4i>Loj Lo uj (J^l J ^-> J ^ j J1 UJU. I- u^ a i 

JyO J JX illllA^ . 1 A l*\ >1 1 6JX JyO (J v ^Q 1 ^jj ^ ^ J ‘ jlj^J ^!lJl 

IwUjuIxq ^Llaj ililj (3 t411 6X4> j 1 ^ >1 (3 ^-laXaJI juiiillll 

h ^ ** 

^T_ui o 0 U u-il \ >nl .^Lo^l!^ t (Jl) 1^1 4_i.fijj t ^3^4-11 4Xjrvxi ^ 1 ^ 1 




£. 

XJJ 




v 5 „ £ ^ 

Ja^. 3J^_ui jjVsII) .lla. Jljj 'll <>aA. mj 3-'° 5J jjj 1 Iaj Jja lJ^Lo rn 

t—fl^-uj ^ ^ p*t_L J^| j\£. >l-lllU • y 3^ I 4 3"° Aa^Llu ^olai > jju 

M ** ^ 

(jOjJL ^Jj) i^jJ l <3 ^X J3 ,X> H £ j I^.a,^ i,i,iI £^o l i^jcvjq 4_>L^\I1 3 gt w^a-> 

.<^>^1 ^miI ■">! tVS^j ^.ii i U»1 aaI 1 

J3‘"'°s *^ Laj^Is *s\\ 11 1 Jc. 3 11^> 5,\^ aa\a 4i\q*> dLlx 


^Lkcl Jx Sjjla t J^jl^ul 3 j^q 3 Amirarn Grinvald JUi^*. ^Ijr^ol 

j)j/VjJI Jx° l^lloj .^g.njKI\wII ^>->jpd'WlI 3 “° Jxl 5 jj) \s\ 11 3 ^>p ~ L **3 

\ 

LUiJI 3 JaLuiiJI ju JxUllt 3-^ I v ~^J )b ^" 'I —» >l^l \4 II 33 _^JL» 

vll a \ \^*y jL^_a. *.J^i.ui> \ .CjL>j) \ u *lx II ^aJuj 1 1 CjIj^jcJuJI 3 4_J Jja^\ Sj^jJljj 4 11 i/v* II 

# f. 

?t.,XAJ Ld>0 flkfl~JI CjAj 1 \ 3 4.\^.a t^ < LjJ j>5Lx-0 (jA,u<.UkA 3 -° J * iril CjLclxO Jj-LiJi 

«* ** 

3 aJLAlj^sb Sjalu , 4 _»jjiJI oG^j-u^aJI 3 v * 4 _iJj j pLqJjlII 

3 KA^-Sr> ^l1 I 3^ LoJax ki/^a II JasLuiIJI JaLajl 3 -t^aJI .1 3 ^ 1 jjjLlSlI udj’bLj 

** w 

*Mark Hubener jIi^a d_>L .j £jA».L>JI *^' TT> ^i-r^' oLajlxLI iaJUx 

4_Lzi_) j_2>. 4.v ii~ i L^jl '-- ^ t Uv\~i H 4_2k.j J Jx JaxuajJI ^lJ. 1 ^ I ‘% .. ^iLjLfl 

■ , ^ , * «* «, ^ p , 

taJLflAJjLA ^UcxLujI^ «^_la«a4^JI ^^jl^JiJI 3 4jjjj 4a ijuo 3"° iSH q t^Jk^l 3 

4 i\.^OlJ II GNL^ II 3-° CjLcj n ^ o 3° 3 alaa 11 laA ^lII ^_xuLq ^1 <ol i S imi 3^3 

( AAi l^ iA* > GNi-^JI (JcLflj ^qj .3^111^ iJ^axJI^ <3^-*-" dbal 3^ mil 
Jj 3-0_9 .^j^AflA-LUAi (J5fc in » 4 -IclJI jr^o P-Lni O.k mfl ^ t II ^At"k11 ^ljIaJI J^XlaJI 4_1alu 
liAtA 3u QLj 111G 4AJuuAJkJI L'^LLJI 4 jJ,3>a 4aAa^ 4_j 3 j 3j?*^I *'I ^LLaLluI ^t-ijall 
SiXa fi J 4 ja4> Jx. Cul^ II dl^a^l 3 I Ij^^l .Jliil (Jaaxu Jx jAi *11 

w* 

• 4 i tii k Ixljjl 3^1 UsLgjI Jjaij I JUdl (Ajutfs^) GSL?wJ CjLqj^ 1 x xk ^luj ^4_>3b” a 

3 ^ lJjX-IG jJsl 3 -q 4 q vQj 4 _aaj^ju JaJLfl 3 I jJlfl k k^^J iul 4 aaSa ^aJaxlua ULa^ 

|xj^ > 4 j^LaJI aLxjSl I 3 4 jj jJfl 3^ u^i-m oLxaxul^aj |k^ 4 i 3^3*^ ^ 3^-! t 4 _aJ^xu 

^ <■ t< 

3\A^J3 i^AjJ L) iltll ^ 3-^3 J 3 *** ^ jJUju^J mil 4 ajjL> p |JaIA ul 

4j5Lqa c b A ^ II Oaj 4 n.fcu^l I 3 -a i ujJLl I p^t^JI 3 1 4aa JLa >olAji^ ^ -. 4 U.I \ 4 11 

4aJIx 4iA11 ^Aj)xT\jJI S^Ia| 1 iAkl jQ\" d n -w fs -w 11 3° 

.^J .1 ^-aii 11 

^Jj) t^“kll JijQ 4 a®^I ^X mil CjLiaXJ Sj jxl ^UJ^juJI 3 k <U-S.~k Jl ^ q 1^- 4ajLxJI S^iJI 

4j-tu^zfc. >—kUr> w kJ ^ tix^Lojoil Cj la^LxJI 3 ^ 1^8 S^-o ^au-taLliiI 3 G 3 JLJ 




t » « 


SjjjA j>Li_«l pIjj 


(jUj JsLa_il ^_ya 4jbLiJI jLaj^ll <JL*JI j II 4x\^k i^k 

SjjiLlI UJ ^_la3 .^ujJoLjjLI! (j\j^JL» 3*3 J/Vill 4 ~v juLa 4^xjl_j <Jjl ^uxlaLijLo 

P ^ V ^ g P 

^jJ^jli£. ^1 ^\jli£- 4 Utn^w.l^ j 4 £.jLujlLL 1 oljjL*JI ^jC. 4-’v 3 LJ 1 4j <iw^.iy .1.1 Ljuuil S JlJ lj>3-Ll 

^■^Jb £3^3^ J jljjaixu^l (jj^o 

.fcjjk 4 jJ^LT}|1 _/lP ^ <nll ,~.l tV5~ 1 

<jl^ J^SL! ^jhQ Jj)(j 'y o 4jjlf^ j j_lj as ell* » .*1 > /T.a £e-aiJ J-a£- 

P p 

3 lj_i Lo J-lC iijjyu_Jl ol ny II J^!»1j_a. ^|aaJ \j)(3^ a t^-11 j-ol 

3lu i 5^fl tim j\C- (J 1^3 ^ JjL uj^LI 4jl»^ 6^fl-tuJI ^ya 6j5v, 11 4 -iaSUI JjI . \ \ \ \ 

pJ Ij) t J^Ti5Cr> k_fl^xu 4 iflfl 11 <jl (3 4 \\ t^joSll 4 * aujJI I JIj3 . v * v^3 J^l^o (3 4 jSlj 

e- * p , 

^j-ld tlji* v - \- V-y-11 ^jA ^l^cl 4JUAA siXJ Jjui «r ♦ ♦ 0 J <j£j 

0 

* JtnL>ri i_j-uj^J UaJ^A. Perkln-Elmer ^11 3* 0 J^A-a 

0 

(^j-uli_J 1 t^h-11 ^ulujO in, j-uj tLLlLuj LaS^j .Y ♦ ♦ \ ^Lc ^j-uluJ 1 L^y.,11 

4juaUy p6jj)WU,1 CjLaI^HJL) L^Ic j*ju uji^Jj) 4 j 1 j),ji m (3 s * * 1 Jl 4 n U > Cul^ 

^jjQ JjjJJ JlC ^jl^LJl SajJUJ . 6J-i.fi 11 4 ujoaJ1 oLqj.U 11 ^jJI ^3j) i kA^Jl ?t_^l^_» 

*% 

j-oSll .^L^JI c-LfljU (j-'uaJI 6Jj 1 lol ^ (]~b~j) ^ g-ol^j 3 CjLjlxxu^jJI 

^uul ^1 Cu^i t^g^uu-iJI ^ a! 1 Jajb^ ^ iy ^3 J^A. 4_lxuaJLi 1 ^ ^ Cj3^ 1111 

,ic.jLuill1 CjIJjLaJI l j*JU Jj-fiL^yj3 3jOiJ 4 \ 1 i»gL 4, 1 <^v.) \ * * ,J Vm "^ 


jjsl ^UlLfi - 4 1 1 t lAfl \ ]| ^JLl iiifi Jj I-A ^LjljLJ ^1 AU*j ji t » '>* 3 L\j&> 

Cj^uuZjiS 4 s\n iAl I CjLloJ)^ lj)-y 1 l^g P-LuJI jut\ Ai K'vl ^Jl,1 ^yd ^JL^Lxo ^.ailq — 4 Q 1 

^ fr 

4jjcuhlj i—floJ (J^J Jo^ i <^11 1 ^yuLjJ ♦ 4flTv-y 1 1 ^JqLxII 3 CjLj^Xi^aJl La 

J<: u \,1 (J^ojG Sl^UJLL 4 1 \ ,s-\c. oK \ A> ^ iAw* L\\< a * ~>1 ^ ^1*11 6%3^j .J^LAJI 

^jjO 4 A. vl-s i ^ 1*^ 4 1 .iA 1 ^ >> 4 jj t > ". £i_u^ l J_C 4 i Iaa 11 4 “'3 -4 \i a 

.^1^3)11 ^jJl 

«M 

^1 Synaptlcs 3 dLLiiil 43 Us La ^ i^Lo^Jl ip.Llll ^ dJj 

«* M 

^ P m M 

4 1 a fl 1 ^ La Lu^ljI ^ .CjLuJjJI 4 111 >-\ * 11 11 4 -v H + a 

Cjlc^^kiJLl ^jjo CjIj^xlxJI 3llA^ ,1 ^ aIc I^Lusx^ ^LajJl pl_yj ^una LajiJ'd-o^^ 





iLaJI \_i 


t \ A 


^ \ 4 -y *>LJ 1 CjIjI i«n \ \ mi^I 3 JJ 3 J 0 Lla ^r. n i l it Sj-soLxi I 

,<J^J ^> iVt 

\ j\ * «a u[^ dJjJ (J» \ JL>. Jj. 4_ijljij 3^-^ tLo 4 0 Iqj a Jidj 

j! 3^ ii/N* tl Jot ni \ \ ifl'ijtJI CjIj 4-i.<.uj^~y 11^ . ^JLot£ 4^ iito Jl ^1 ja j 4 fl lo>j 1) ^ja loia.0 

I 6AgJ ^JLoj ^lAj^ ^y.fl Aj Jlxi^.* ^-i5L-i Lgj 4-*v <A 1^ 33^ OLi^-A xOlC 4a 

^ Jrvi^ tCjLj^ juuCOlJI Ljl^J l4 joj Jjl^juij^ Au^j (JLoj$* 1 • Lfli^x^.0,i 

0^-^ 3 * 2" * j i La 4 5 L\ \r* j J^Ji^llI JtS, jJI 3° c^Lu^jjJI 

A LxjCi^^ Ij^y. a J,x ij) .4 Q Jajil 6A& (3 4-3^9“*^ A Lla J3 l^^-l I J-C 4 t *n*C a It 4^u J.\^ II I 

.4-Lfct \ ln> tW^il 4 i i*s\x II L^HflLLo 3 1 AJlaAj 3 (Jxfl ^ fl ~ \ ^£ucu La 4 JLLxLo 

0 ^ £- £ ^ 

Ijry^ ^^-ul oLijjr^J^II 31 Lji^C Ijl JvH J_=* Jl 6JUh 4Xjvu 6jL>j Jj^IjJLj 

.<Uu^ju1 3-4 S^o 3 j?^L a JjulIL 

LaIIa^-A ^IlJI 4 j£[jJI Cj^SII ^L5luI 4.fl..mj t Sk 11 CjLujjjl^aJl 3° Laju£a t 

.ilSil (3 SAt La 3j^i *^j A3 I 4 i tl ... iNll 4 joujaJI i_ ljAjj t xA-tl Ljj^-pLi^ .JjLflJL» 

*» 

4*^U-L^U j\£. f-Luwi t ^ua Saj-^JI c .1 t **rNl 3^0 ^j Lljl 3 ^° jj^Jl LLk. u«^jJLoJLj^ 


d jJ£U.a£ Jx d^o Jxa^d 


^lu^J La < j<a 3 ^a» ^l-q 3>..iti a ■> jlAJl^ lt 3 ->L 5 4 >L^-lJI 3 4 jt^J L> Ja j I ^jLxxxuJI 3j^- Lt - IJ 

._sLd^n l -y aj Sonias Lt^L^J! ^Lluj^I oL^l^aj <I 3^ Loj <^^1^11 4_Lo^x 

U SjrjJLu=JI ^dendrites ImgaI I L'^LLJI 3 4 ^^ A. 1 1 ditjjJlj ^axons 4^_*^x*J! 

SjLcI ojaIc 3^cuj ii^ojJt oLijlilj <presynaptic vesicles i^Aail 

. 4 jj^I j CjL> i^AAuft dJj 3 Loj t 4 ^J)l^ Sj a 5 ^ j j~ 3 1 ^J_c. >c_ll AtJrtn 3 d"*"» 

m> ^ * 

p ^ 

‘ t ilLaJI 3 -4 a^ Q t 3 J.I p^OiA A A ill 3> J 4 ^T \ . tj* j>-\I l L VA 

JjJjX LVV<_ a % .SjjLjJI Cj Llc j j, Ij)JtJ t ^ q\ L^ =k> ^ Q Lk\ a 3^0 4.1 xfc Jl lafl 9 3 -1 ~ ^ \ 
3&il 3 ^-ujuo — ^j^LLluJI Lva Jj .JaqJL LlijJ ^Lll ii^jtil j^Q* j 1 6 aa 3, 

3 LixuJ 3 >^s 5 -Sj\AJU 3 4 Kivyo" Jj) in'y II 3-t*t^ \ — 4 lj.A.~y?il 

<*l \ tt\ 4 _Llo^j 4 _Luoj tl_Lfl^ 4 A .m,\ J| 3 *t~ ^ i lr \5 3^^ t^til a J| 4 ^. 1 ^ 

j <4 II 3t.ll CjLlLoC jy () fl dJj lie . >LU" JjqLlj ^ JjaLi <di niA t 


UA 



... y 1 rti pl_L> 

t* b * 


4ll ^=fcj-U 3-®3 .4 -LKj £«-U <jjjl»J 3^*^ ij^- a!1 JaLAJI ^ il^\iill Lj 

.(JL>. (g\ jLt * 4_1 a ^Kil tdLSj l u^ a \ j^ajJI 

.oLtt^Ull <t=JUi SjjLJI cjIaJSH 4_u4iLo ^ ^ q 3| ^i "v 7k\ JfLiJL cLlj (JjuiJ 


SLi^JI CjLLoC. 4 W / <t |v c. jJ JL^^j 4 t fl \ /i'l 1 4. v s i/m 11 4. ii J1 

(. 

4 iu/MI II 4 vau^jxJI 4_-^ll *^ pljAftC. 3 I t,_fl^Jtl^ .OLo^-LajcJJ 4*1 "v IIjla (3 ^uI-jlq 3^ <n \ 

^tAiiu v_4h^kll J^^llil 3 4 \ ><n« II oLiiSll a 3 ^ 4 i II o^LatlJI 3 10 ^jLLq (J-^- 

Sjtx. iJllLI (Jaa-oj Jx <5jSb ,ilI j^s\i \I oilj)t j«rx yllxl^ ,4 - * -L uj^xJI 3 -0 4 fl ll ^ a ^jjlLi 

3 I ^_a.^Jil 3 -°^ cl i /?5jl (JtX. > aj.ll 3-*$ **i-i1 Jj^lll (3 ^Uil pi j\.x \1) jt>3 

.J^laJI <_£will Jx oLij^iJli Jalfl*i Vjl jjj-xlJ olljj^l 3^-°^ oLij) n/^>» 1 

w w. „ e- ^ t- 

3} ^’ill 4 \ ini t fl 114 iaOj 11 4-l-loijjjxJI 3-° 4Xjaxx <v m * CiL^ \ ts~\ X 11 Jjt LlOjI 

Ijjflj 11^ <4 xq£J1 4-ljjj^xJI ^J-C* SjjLft ^j_jui AxJj 3j, ^ll^l 3^ * 1 fl*t**> Jaj 

11| tic, i Jl oLqj^IjlII 4_xJ1_jlq ^J-c. 3^3^ 3*^ 4a^_LI "»1 ^ x.H 3 ^^ . 1 \ < C a a 

J^, 1 ^ ^ Luk. 3 ^ 

t i»lj-dl 3 S-JULq 33^ ^ 4 i\5" (j^\ JlLo (£_lL^L-> SJ^aJiJI 1 Jji> S Lq 

SjOLjuxJI k_jj)ijJi 35^ «Lo 4 a.jJ 3| wjLax'bU Sj\xo m V5 

CjU^ Lia^ fl 3| O .Lq 4xjJj LqjIj 4 ( _yjLlJl 3^ 6 jJj^=JL j^idl 3^ 4Jo j^lx3q 

6 J lei jli i 3x^u 4 xmx i.1 CjLq-oJI 3^Lj^^ jrX^ 3 v ^ ^uuall 3^ Li3j,^ t_ll 

3J. ^3"° ^j3lJ 3° 3^^ /Till ^tja 3-0 ^rA >jhi ^)<gnx <7t ^cq 


?3Jj Jjloj Lcjlc. ojl^Jlxu ^jJI Lo 


(5* cr^ .^1 jJlj 3^3LaiII Jx JlJ^Jl 13 a 3 t^L» 3* 

“ •• *» «• 

o^3J Lq ,m ^q pt„m,Aj 3wile tLx^ua^Q .dLlsj-i Ijj3 lieJ 3^1 444M| L> 

Jji 1 a II C-^lLiJl ((^j^ ^ <m 11 )) Jiiiuu <^ui.uLLq ^ ■ 1 J)^ Joxuu^ 3 4 lor. I— LLo 

« IA •* 

Jj -0 Sj^IUIj i^JjllJlj i4juU3u3-iJl ^)>lflj lUJ 3| 4_>jJ 3 I 3 Loi 3».J^.^1 

JeLflj JIq j linn Jj, 1a 11 imII £~a JeliUlj .<Lx_4juuq ^1 ^U1 3-x^^l it' 


p fcj p 

3j^xu)j ajJaJI ^clx-luJI ^jjjlOI 4ll AJwA-xJI ,m!1 ^£.Jj >_4^uj^ .3 ^)zx33ajl ^-Q 

3 JjU. 3 j 11^ lr>^ <3 ( ~ l *» (^3JI All 4ll ^ fl A >*\1 3 ^^ 63^1^1 4jjJ 

** *% 

«♦ 3*^-1 U JoJU lxx>3 3 ^" 11 6 JA 3 } *U4x£. ^ya 1)) 3j)S-Li.ij^ .3llA 5J1 3 tllA 4 _x_xoLq 





3)j/N > in ^.nrN. II £^^3 Lo rr - A > A «v 11 <it1l)) <<!-%■ \ jj-aUJI K tiinll ^0^11 dLlAjJ 

jk<»*v ^1 i4 \ \ 4H^*i ^a3 ^ -iu- rv ^,1 4 ^juT\)1 I 3)^- u -* > ^ ^«.u.rw ^3 ^3JI ^j^l3hduJl ^tJU II 

£■ f. 

9d >iAIjrt-QI 43 j_) (3 (_£^IjrtJJl |\-t.u.rw ^1 4^LUI 4 ntjifl IL) 4 ju^^> 3 ^3 ^I 4^yd3Ja-tX>l 

f. 

3 i^fl \ I 3 4dafll3l i_S^uj Lo ^Ajj 3!jM JU 13 a 

^ 3JI '% A>11 ^xj ^ j|fl 1 kiLui 3x3a j)^ Ija 3a *^ ° AgL j? i^-sI jj3S 1 3 IJpnJ 1 4LuIj 

** ^ 

1331 l ^°3 a ^ 4_i^a ^ ^ dllA iT I 3 ^ vQ ^> g ~ Lx^ 9^^v i.^s ^3 

13a 3)1 ^ ^ ^ * ^J^3j jJfi (jlJ- c3-44jL J\JUlJ ll*tl 3,S|) «l lK,c3 » 4 \ 4»Lu/jl 4-L3fel3jl 3>° 

^ c v 

*dJ3 tSjLuail 4.^. 1 \j .UjAj^a* 4 5 \ I Wi a 1 Afl Id a\1 3) j 4 4 nfl‘> ^A JUd^Jl ^ a n I \ 

3IJ-* — dl^. — 3>l£ 131 .J-uaiJI 3 4-^ .iii^ a3 ^aJI JJ J j ^3ll Jjpyjjl Jl a \~^\ a 
** ** ’ *• * » 

d jtuj ^! Jjfij 4 ir.jj d tjI ja“ „J JlLcu 43 1 4 t UU 6 jjjAJ ^CuL> djxu tdllAJ 13 a 

3^3j 4 > i^ifl )1 di^j a I, \ lr> <<djl (J^uoij3 k-j^xu .431^4 J SLV-^ 1 ,J_u3 J-5 aJI 4. iii\ 

* Vf 

•3>jj^»-*JIj ^jLaJI 3x>^ 

**» 

p p — ^ 

43L) Jj^l3Jlj Jj J^kjl ^)Ci> MlJI Ao" • \ i.. A*s. 11 4jk^jrui 4 ,s-\ ^wl C ^>J, U>\ 1 3^J 


UiLft 


a3 3 jSj aJ ^ 5 ! 3 ^ 131 Lo 4lac. 3 dllA 3*3-^ 3>^ 

' ** M 

* 

4jjJojJ! 43lj-*4^3 l^jl3 6 J.ij.sw 4-x-4jj^ah. Sjj^j 31 ^IS3 Jla Lqj3c- ^1^33^11 1 —ijrLfil 

3)1^ 131 Laj 3)1^ Lo^jq 43-uiAJ jiL.4 fl I-* JuC- 6J,o3 » 1.1 4 \ V i^xJi 4 ^ nij^k 11 

m (- fr * S ft 

4u4JjiDI 4 <iiflj 3)1) 2^3 jlxxo 4 ^A 431 J 03 * \ 3,15 ^3JI (j^xakduJI juAj 1 5 ~w 3>^ ^ .j! 

fi, 

3 )ij dJ3 3^3^ 4ii^JLo j\c. SjuiIJLqj 

3jj3 3 ^^ 433~^J. v 9 .^13JL) dJ3 ^_s^uj 9 5 — — jja 3 ^ 

.d3 Ala\ l j .13a 3 LAjH°>3 ^ ^ fl -ft Jj 1 '** *4^ajjuSJ1 4_Uuu^jiJ I 4_ j ujlCL) 3)-° 

.dJ3 3 JLfl 3 jd 3 jJ)^ Lj 1 i \ 4^a.) iirg 


6l=^ 4 juoLlLo 4x.Jp dlaA * l> *3)-*^ j ^jLa3l 3^31 3> J ° / i._4 jua\ 11 (3 

5j£I3JI ^>3^^ 31 a>3»)l_3ux^3 dllA 3xj)9k i <11 ijlaJI 3 ‘id^Jl 63 a 

CjIaI^)3 c> ^ Q^dl c-flj a311 v ^ uuj j3j <_pu3l 3 i^aS3l I 

^ 3^ djxu 43>-*^al-adl I i)l^j Jxflj 4l_/u^.l^ .4 \) </*X 

.^aUJ 6J-»a^JI lxa^J^3^3JU p(3 ^ Qg - 


NV* 



• • • 


c-Lu 

«• • l _ % 


dlliA jJlC. 5 Ja~\ *11 4_Xjl^I fd I L>j j ArvJ bilLiA ^jJ}^ 

4^uLill ^_5_ixo^il 1 \^uu\ ojfi Vxu .vinyl J \\ \aII c>Ni ^ <n*iI Lucul 
LjJ jlc. Jja^j oixl v s^xaj^ .JSA1I iLlill 4 ^aa5jJI cjLqj)1*a 11 j vq iij ,jj_U ^JIaJI 

«« p 

.4 II «v /\ ^ w~ ,.. ajj £_a l 1 g sj C\W \ (6jJ^ 4-iIr> \ uij Jl 

t ^ t ft ft 

4 \ ^jl .Sy\jl£ 4_=k.jJj LAjI LixuAjI ^_uj s_fi^xu tl \ <nfl\l ^j.ixi^fc-~i ( ^qj 

J1 iuLuaJI Sjdill L$J ^ * j ^ * * *—J 


* ft 


Jl £-xu^J Lc-Q <SjXi ^5^_lLjrLi jjl LoJ <, 4 c.i <<Vl Jj2 bill jj .{gj-Sll £l_0 

.Sjilj lALu't O^LuajI 4*\ V ni > LlxuAjI JxxVi J fl.KUl oT\ I \j b_fljJtxJI CjIjAS 

4 ft 

oLjLu SjaIa^ — ixjLbaj^l iijjJJ <J£ iilx^l LVi5Lc \\ X$ a 3 ^ LoaIaj 
^ I JjLlLujLi JjlaJL 1 ij 1 (P^fc 1L&-C CxAJ 4A^ * C?\£ (J-*aJL> Cii(3 L$-lH JJ)-u^>^J) 

•£J^' f-0-^' £>* 




































^UJI 


Jl J'bLuL II X \j Jo l m VII 4-LajiLo J^loLJJ 6JA 

4 X 1 iiN oijLiil J'bLa. -^A *^11 jixO (3 4 _xjLjj_£^ 6Jja.^ 

tlg^lx) ^JL> Lo jlx j .1 1 \x <7m jl 1 IaC <_fll2L>l j! *Sj^.jJI 4-t^o^j ^La.j 
L y^\jC^\ ^AL\ 3 ^^1 L> g^LxJI AXJJ .jjiJI Jx J^*3 

Y ‘.6^oJJ 

<Jllll Jtuii Jxj .^JJ ^jjo ^^a.1 ^Jc^LLq <3 cjLijLLc ^Ij-aJlxul 
jaoj j < ventral lateral thalamus ^jUJI jI$1I 3 £jJj* 

jjjtlLI ^juuajlJI cJjlaIII ^j2sjXij ^A 1 1 JLiiil d ^11 ,~'i ^\ A" 11 d \ 1 ^ \ 


.oU.iduttll iuuA\ (j^l\ oLLo^lj tmultiple sclerosis 

Cj'J-SIj j I jjjjdl d \\\ \ * X jl^o 43LubL> <pLuio^ ^*blx IjJjjlS)) 

C£j&UAi\ pLxLkSil xJ *Rick Trosch JijJl d. ?J J^L> <«4jojla 4 \ \ ir>c 
4^JLju ^b» .ifcjUl «^-a 11 3 vnxII j'A"ll» oL^Jx JLa-o (3 jx.Ltull 

T °.«4x»Lj^£ ^jI^J 6j1.ixLj 


4oJL»_aj 4 \ «<>^k llj <6\jSi\ v—ul .^11 ^,.\ »/V\ II 3 1^1^ 4 J^LAu^ 

.JjuJIj 1j£a Lojbj t jo % a 41 in^ LajfejLuxL> ^ \ II ^ti.1 

«• «» ^ 

JaL*JL> ^AfUl oL^JLxjo j-o 4-lUUl 3>-^ 333 ^ olxlj3 

4jLLL> N * ^aJJ d vlAl.vll 3*i^ll 4 j La ^JiLaj Lo_> Qj)u^ll ol>^o CjLi j_» j 

jL^a. |!k a i/^lL) LajLuu ij\j l infi l^jl^ (jxLa-to^ll 

.^jlx v3alx aL\^*\ ii>L CujL^^II 4 ju>Ijlc a^ » IjX ^ \iS\x 11 

*• * ' w 

v-axaUj 4jxuqjJI ^ 1 ^ 1 ! <T ijih Joseph Rizzo ^ ^ 


£*L>jJU 6 i^j 3 JjlijU 4 aK 3 

i Jjuajuj ^xLA-tlJI 4 x <nL> J-axj j\x u2> j~ J) > >A< 4 \ i in> II 

«» 

jJLjuaJI 4 jlIIj 3^3-^ 4 oljLLaj 3j) A> -^^ iall » A>j 

^3j3^* >3j >» a 5L 1L 

4->^JLaJI cl w\ v*C 11 ^jLL^II Lo % a 3-° JxJj 

«A 

j ^yxilJ .CjIaL^^I 3 ol^JuuAxILt JLua3'JI l^ \C a % 4jloLa. 3j>*^->.1 au 

J^Ij ■ >»»*> wii 4^1 ^ 4 JHII 4jjIaLI jLxIj CjLjj^i-u^jlII j-JuIaII 

«ft 

3^fl % ILa^ .L>NLaJl s ftl*\ > ^jLvaj^ ^xiLa. jroLi 4 SxC. >"^3j olj^jr^J^LI 


NVY 



























... >L^joI plj_> 



pllidJ idAUI 


^ \ * 1 L> (JjqjJ ^vujdlj ^lil! ^^5Ji *_o cl\ qII cJLjjb Jjlq.1L> 

1 Ij ^jliiJI Jji-ll J J > A*> 4 _x1q 3 CiAnd Ijj .fcLla^C. 

llLlJ t^jlll jLSLJI A > I a. \ vClj .^jLU I \\[ y< j_a£. 4_L>-i3^Q oL^Q^JI Cul^ tj^ll 

M • W 


wr 









































. (JLvjJ jl JxA g-ijjlllj (Jj\l\ jl£]l i Q 1 ~' <.^Lu/d1 t^ya yl&l] 4 wu\IL> . 4, K- ml I CajI^ 
8 jri-aj t4JU p^i) aJ» .-ill 4jjLo-ui^JI ll Jlc LjLqIc^ Yeats ^ * 1 \\\ ^uL> 

M ' iT 

tLujJ 4 V i. Ij-y I! 4 >10* 3 LlxoAjl / 1 \K JX 1 J^UJI . „,\ ^) I jy JUJ 1 n J iC * . «Ll*^C JLC 4jJL» 

yfi 

1 jlic software cA *^ ^ i &i^u * jjWiU 1i15 c i.LLa j_c LH»ja ... 

.hardware 

^ * * JjAjCU 4-LuclLo l^ll .j-aA3 (jl ^ *jJ fr l rTu <—fl j-ujj 

jj tOljll oLlJ.ll > jlj SjJJ LjllC <jJ^J l A jlc JjfU . *\s *tiwj 4 1l^J ll 

p p ; 

• jAUinj j^ciVt jl 1 ^ k^gj .jJLu=Jl 1j^_i tVlj)or (JJaj J'iI ■_ * ^<m cJLIa 
. 4j_ujjjaJI jjIj J pLLj J_c jlIl J a j LajjJ CjLlSjJI \ jlS tCjLij^ojj Ujl klcLkj 

f- 

ia-uAlL -1\~1 t-v Aj\ pi fl \ Jl LUjJik j£J tjl.UA.7wlj jtjC dll uh Jilj-UJ 

0Jjj-U-a£J 1 y\_ij La jlc 1 J-ULi Laj lilo ^-ajj ^ Lij I t JA IjJ 1 OJjJ 1 3 J^. \ LaS 

«* 

^jojj jJ 1 iAil lajli lJJ jJ -1 fl * 1^5~^ * /jl Jjjj ^aJ! lillj JS'JI J_c tlfl IS n — 4 >/Till 
«% •» 

«^aLui )) JjjJJ-aS OJ^-I Jx iijjJ 6 jJ-u 21J Llxudl j Laj\c IjulXJ IlLaC >._4Lq 
«* 

Sjjjalil pLuuj^II 6J-A ^Jb oljjjM.a < Cll j ^1 5jd5 

m Wr •• 

4_>l^j \ |l (3j «l JJUl \ \ (3j? tli^li^olj i Luo 1 .ui.rw \ ^ J^oJLJ Sjj) to Itva .JLwJl Cj-Aj-11 (3 

.4jI_E_jj jLUjl ^j-C. ^ja 151 mr> LijliLjj LlLi jj^ \ iS\l tn 

^_uo 4aLac. I Jlc Lixoj^. JlLoj j-Lxaj ^ol pLliiS LlLlL L5 i_Sj-uj 

4"k uu jl 1 ‘1 ilf. tdlJj J-C .8^-uaJ oI/Lq 3 Sjj^Ia 4 \ lol 

.dudaJl Llxi^La tlui.flj) JLC ^ vj 4^a_j JJ 4 * L>1 **t^l 


IJJUOJ ^ jLuuXui V * ^ 3 Cilfl .JjuftXI (Jj-flJI ^0 v^uL^JI Jl jQ fl\ Llcj 

A p 

(jl jJ La^ dJj JJJJ .Oj-o jLjio JiJ 4 .lujjaJI Sj-fl iiwpJl 

.Lo J^i JJ 4 j 0 Jjlfi yr ^j%xuJl fllll 


0>5% I Jj 4> t5jcLu-a 3 Li 1 1 jl 

^^uiLuJl Ijjfe Jrcui j Ijjxl 4 jjujjJ 1 oLul^Jl L>^j jjaldm ^j jl 

4Jl1L» 4 i Ij i*C *11 SjLujiLiJ 1 — L^.jJjK’Vll Sj5 ojIj 4j| jJjjj ^jl I j.* lc "Jjl 

JjLS La jjc Ja> La 4j) jJ La^ dlJj jJjj . jlj cT\ <11 Ij ^_>jj L^jlj — J \ fl aZ\J I 
4jlcj_cJI ^Ijj'Jlj JljjjjLilli JiLaJI ^Lujj^!l jSLaJI jv^Lxll (jL-LUj^n I \ n»\^w 


p < 


>Vi 




... ^LLjoI pUilJ 


Lo die. Lo I* 1 a .SLaJI <3 jaLjqI Jj&LaJI ^Lloj^II 3 ^° 

Jjd^j IdAj - I 3 4 j 1 1 I All til 4-X^ 111 l ^yC> ^>-1^11 

a-luL=JI ^jijJJ {J^oLaJI ^H> J&1\ j) V\ 1 II Cxfl^JI (3 

' « 

■ 4-ij^ >11 rJl j Aj jl |/-I~><*jl 

?<u£ jJI otfSM oiflJ lltxc- £ULAOidUI JA jjj 

^JbtlJlj ^ ft o II t 3_c- SjdflJI (3 ^^ I^qj_c LjjLl^ILsI IqUH Caau v ^ 4yjJ^ jaJ 1 

3 iSSLjLil ^jllni n Jxj .Cj^SU 1 J i xC. la£ d * \a IjJ jJjlj ^ d3 .^i 5 v fll 1 Ij 

. JJi\ 


ji P 


Q3& I <jl ULu^l Jlc Leuj — 4jlo 4jlUdI Lo rail Jjloj JjloJIj 

%* •* 

. 4 JUO <tflj J&\ 

j\\ Q* iijisxflJI IajIj d£ ^ \ 41)111 I.La->“ 1 0^ *dJUi t^JLx cLLqLxj 4_ >a \*C i i ^ 4l| <^ 

.l i\ ^Lll LoLcu <LLiJI 1 ^vCill 

.L&jI£ 2 jI { j£. k-iS^Iu (j\ Lulc Lojj 

4ja-fll_ 2 k_ai 1 6 .U>^JI 4JL»^kJI Lg_il !d!Jj 4x.jl uni \ CjljlLsiJI 3 uLS £.\xu -^ a a ^11 3 I lll^a* ^ 

.4x.jLlllLo olj)k-fc V I Q llr> > a j^kJ 1 Jlc. 

* ^ 

.^LIS LloLu jj)iVi 11 ^jl 3J j iLiuuJL jjI^J l ^o Ijjfel (l-ujX. j*ol Ijjfc 

S^JLxIl OjUjxL ^jLajjJI ^ 3^3 die 

pLaJJ *kjl> d3 t Sj ft a o 4jjbflj ^1 ^1 4julfl3 . dll J J 3i q\ k lie (j^ujJ 

•* ** 

3 J Llaa k ^ J t( 5jU^^|l ^LiJI ^j£. 4-X-cllaj^J 1 { j£j[ a.-w 1 l 

pJLjq 4jl .«_jud>jJL 3 A 4-JI LlLuaiji ^^kJI uii ^L^^ILj .dlJj 

* % * ** — •* * ^ * 

p ^ p 

Jj,l IjJ 1 jj-ojJI — Ijjl L^_a^Loj JjIjiJL 

^u\^.j <4-iijr\JLi JaLjj^l 3-® djJyaj <6pLfl£ >3j <JI 

o^lSlI ^ jdu 4jI .pLAoJI oLjI£ 3 -0 ^0/* 1 ^ 

* ^ (. 

l^-ol ^1JA. 1 (JjLa p-l^dJ 


IftJ) fJAli jl llllt ‘ 


t t i 1 t 


- -s 


fj I jJ Lul ^Jvil 


Wo 





■« 1 1 i yl. w n\ 1_4>jLli£.L pi \\e& II O^wiJ . 4 JjAj La In \ i^nlLi IjA 

%* 

o^lSlI 3 )j>^Tt < 1.1 iillj <bujlI ^a\x\ ^ 3 ^ JaaJL o^I tLaJ^Jclc 3 L* t Lgj 

.llijLu^ ^3 ^ v * a- v. l p >?* UJ^ 

*• *« 

f. " * 

4j mljjJI ^“nrk^v Jj^. 1 3>-6 CiLcijjJi jl JJU laA J tjLflX m, 4 a nulla tllui^ 

«* ** 

JaiLfl 4 uujiu 4al aI SbjULl CiJJb Ij5l 3)1 dllj 4 1 rtij m jA .^ujjjAJI caJ^/l 

" •* 

S^uulJ j £-ludI 4al CjJA dj^| 4Ajvua 4a JLlOj^I ^JiK Aj (^aJI Jjj 

w w «% •* •* 

&■ p p 

^julu-o) .^yjC^JI 4^ijafl jI J^xj 43l .jjoJJ 1^/UbQ djl JflAfvlj Jl jju| laA 

^ c 

-^ (] d j-v-^Lil^A JjlaJL 4a tfuaj ^3 4, vuaA 11 ^jLcljj j OJl^_> La ^jL» (j-uLllI jAxj 

JJL*JI Jot uu.il jj Llit 3>^1 .(^jjoajJIj ^jLk. <JJq-> 4jL» ^axLi 

3 Li totx-bj o3^ 3 ^“ ^il <3 LxLo .^>^L^JI L>j^5Lar> 3 ° t^ 3 ?“ 6 ^Ll 1 cL» oIaIjJJJ 

^jil jliil J>c dJbj-Lo 5j£-fl Li^aJj ilo-uj^3j <3 jtj^ojuLLiL> j q"~ jlirilj oLcULj^I 
** ^ 

LtiJ.1 4 _JaaJI S^jfcLloJI J)1 *-Ll3 £_a ja3ji 3 c-H^ .LjoJI L^J^- 1 - 0 ^ 4\fi \\ ^j£- <4Jla CAilkM 

.d^uoLiJI Ljjl^sl IajI j'lc.Li L^jdJ l i.unl 

SlaA I^J j-ol ojIaaJ! C)L^J Jaa. 1 3)1 ^^ixLL^lxul £ Q^} Mi J-& (j3J 

^ +m •• 


■G^jl <ii<i Jx. BjAaJI cLdJ ^ I jLila .4-1^)-^"ill jjj Leuj La I .^A. ,m i^jj 

•>uu 


«l A 


Ag.iA ub^j JjA.Vi LLcI ji dil ( u jLaaII >jAju! 4 auuoJL jijfLfll 

.LxojI cxdj^iJ jil uiNt ^*1 <nt 
S,jjtoljJI CxfljJI ^ jj^-o-o j-ol jAAA ^ua ^r mo ^ J-*-ttJL AfliJU JA 

.LjA JjlalOuJI jl (j ilLluIj JxflLfi 

S(jxl liA jl a^LU cut Ja - « ? «n L> 

.LiLa3 


p p 


.FDA pIjJIj pliiJI 3xJalo jx iiil^a ^uil jl jl jiotl >U 

SLt^Jrs Llij jUoji^Jt >*1 lie. 1 ~ ul «La i<l"W 

^Js l kjS 3)1 i^ixl .Lulc ^aA jJ Lub jjuil JI 3 I ^ <JjAjoaiaJJ jli 

M M 

% P P ^ 

uSjjjuj LajL^ojI ^3 4aL bAjJUM 3)3^ 3)1 <Oaj^j) Lq^ tlaajA. ca^j-o 4iini 

3 >J .^-o^ JLJOA. 3 j -0 4joA JLc lal JljJ ^mo ^jlj 3)1 Lai CajL^ Lgal 3 ^ 


* s. 

14J 



• » » 


6Jl>£-U^ ol pljj 

'-S^*l ^| (jiJ <-uLaJI» Jx (j y^un j (^i Lgj.iJ J^£j 

Ul ,jJ mo jj (Cia utj) La£j .dJ'hlj <Ju Jutl all Ja^JI jj? e - 

.x*Aill if a>+ j QA cJj U jjjl^ lii jJb ftjjk SjjxxJI 

4-iftj£ (J jiflj laji uiSLiJO ^V/v. 1 .SjiVill 6 Jjftv (i JJJLlI JjJlSJI dlLlfc <|UU 

jjua JljJhoj 4^jLuJ 1 dK A»11 &Jj& 






































£jLJI 




dlxj &Al 

%• 


ijjLSJI oLu^J JlC. 4_JLJ SjJfij pLLJLi Ijjj LlxCJ 


S 4 K Jit a dLub Jib 

* 0 

.^-Ojl (^jJ 4^jl 

^-co'JLi vlLxafl \ jXJj2i3 5 J ta. Ifl la 1 i^JLJ 

•jU^o LjI 

S^l p^uu dLub Jib tljlLtu 

8 

J JjI ji i^jLuJL SjjlLulc ^jI J-q Sj£LLo Cuail .*ju 

M H M ’ 

t^3ljila-o Jy* clu* iJU. ^1 J-C.j iilj ^^jLiu Aubpljj ^J^X J_> v_jlV\ 11 uJfcl 

w *• ' 

.Lub Lubji. cul£ I jl ix^LAll djliil <J dj£jldLo Jlx IJjU jl ■ oj dJ jJ 
( j^Lxu olIjl^ul j^Lj Jj^ T JjusloJI J 4a15 Lo j£ j3 &d jL^jjI J-o J^l jjb 


«• * MW 


> * 


.djbd il-J *1 •v" d 1 ii»l IM-V jKI Ji JLX > d& dj jj <LoLa3 ^QvQ^- I jib 
^ «• 

.LbjLLkj ^jJI JdljAl 6jib jju J ^Lo-uJL Ijjj Llcj — Sjja 5 

:4-Lxuldo l ^ v fl V> dj tjJ^o CjLuo^j Cj 1 Q Inj fl 11 jAa> _& lib .jLLq^q 








Jjjl . JpjCLA (JrG^Lfl I4J .f-UJdll 4 jCJ^X 0 jjUftj J| olflVtl 

La t,*,l t * A 1 jajLii oJJ Jul - *- *■ Lv Q 1 g A* K (Luli Cjlj> * mj I J JLC ‘ C.^*1 JlX 

Lr ^j f Ld jxLa-k]l £ij 3e o^LJI u-ftijli 3I .I4KL 

djLiu ^ylJl dlli Ide £_^ll 4 11“ ^ 4JL3.J t—l11 in ^LcJ^IL ^Lu^lxo ,,, * fltll 

t f. *• » 

J Jdda^ J£ i— , ^ h ‘^ 6 1 J^ <j^ j* AI .^L»JcJI L^_la j-uu 


■ a 1 » U, 3 ^ 4 JIjLll! La (J xxiLmj ^jC. c4 IsS \1 
^AJjJoJI aAaJI . JiSlI JlC cJt^JiJI L, L^J jldfl ->0 (JljLtuI (3 dde^vu ^ 

f p 

3 Jl ^Ifl t n V * LaJl IJlA (3 j-k£1 4Jj)0 iiM (jnfl Ytll QalVLajI Aj .Vic. .JaAfll 

%% 

Idb JI 4 jjoj di .CiJ>jJl J| 3 lllj 4 -kn-kll (£jll die 3 ^ J-C ^L> 

w «• • 

JI gjujLuJL» ^jLuol Cu^ ^IfU * JI ^Lv\t JjLflJLi «jjjj>JI 

4 JjLoujq fj> 4 xj*.llJI J| jiki jJbj ♦ SdJd^ll Cj^lSlI GdA aUhJi La d^» 

- S fr 

JI SdlLc jrj-uJlj 3 -°^^ 1 5t» j» ^» ■ ^j < 3 ^**^ ld$J S^Lvll (^JbLlLLi 5 j..Au 

3-0 uU~>\ Lb til m~fc- .1 jL\ 2 a o-fljjl ^^53 Ladle ^l^Lxxu 

** «• 

Lalld jl 3 ^1 ^ U^J 3 ^ — 4 a ml ifljJCa JjL ^.1 — c-jjdll IdA 

k*> M * «k 

SdUl^ ^jaa-iJI tlLal dll* -h \ La 3 Ha 

^\i ilr> 11 (j^ ^.ajuqI 3 oI^joJI 6 dA uni La d>. Jl 4 k > <nf. Ill ... 

UJLlirvJ (Jl^J ^ 4l^J . LlJ^jXj SjUUQOk Loll J (1x3^1 jkdSjl £ \ 1^1 oUjll 3l 

t^jJoJlj tg-1 *M*> <11 Li . 

jyL II 6 _ novocaine C/S ^11 j w 1 1 

%» 

J'ji UA 5 J^ ,,, 1 ^ <L? ^ ^ U JI ^U>JI «> o 1 ^... 

^ •• 

... 1 ^" "^1 Ladle v^ld^ ^-al 4 lL» Q^ji Ai .g-lSd^l 

«i ' 


3 I J-^ 3 ^ Ji-o Ji.ldLI 3 ^ jr^II 3 ^ AJ * ^ ^ ijl LlLo jJlill 3*^1? *1,3^ A» 

JI l ^ ^ aajj jxju 4 \15 a> II jJ^a oUoLuul t_iiel S |> h,» I4J 3^Lf lj| I4J 3j)^ 1 

flULxiLt 4 U. vl jj. I olt^jubjll jSj JI (jxLilj <4 j i4lj, 1x1J i^LLalj i6pLa_ij a my- 

£ 

/ jejl . 6 dA ^lllJI <g_=wj 3-0 SdJ^i O-uijJ J-lj^Q 3^-1 .JiliLlIj jjlilaJlj 

Mk «* 

Ctlj-fl 111 1 $jX 4jjSj dfl La 3^)1 tie I J ^ * 6 da* Ij 3bdl 3^ ll|j p (]"l 103 * J jJ^lH 

S^uia 3jdl 35 La jj 111 ^yla-a l^J 3j^f di ^^Hl diklda Jde La .3J1 




jiI l 4 ... 

4j|jj i Lg-ic cJj > 'L*Si ^jJI i_jlwi&Sll 6 Jj fe lr>* o .6_/Va^ 

(L^juLocw ;llftl.<u>L iS^Lc I 4 J — Lut^j ^1 jaS<oL) 1 ^ !">. Lo — ^jLmJI J^a.!! 

L^L^Li^L Lfcjlj-ol <5. Lt~w 4_ILa* (3 l^L ^l„«V» 1 la r* *4_jlJ_Dk l g IL&jijuol 

.oLaCjJI Jj aJj * \S^ ^" Vj ^ 

* M 

pl^ jJI JU-o 3 J* '^ j3lill_$ - 4 0 4hN1 0 II tm )^* ' 

Joa-luui pISoJI J ^jLuu^JI (^jIpuII JI J^u^JI jjt_fkflin j^Ij Hubert Dreyfus 


^o i Ji \ _\^ 4,j 1 1 1 i^a. la 1 Jo-vaiit L£ lj| <3i£Lit * .p ni-v 

.ic^vuj liVlCfl p nt"k II ^jJb Jj^aJ.1 JiLaJl j^_ t jw i <n a. in^ < ajfij I J^kiSlI 


JjS|l jjAll ^UuaI 

^jJI Lo *4iL»jJo 4_»L> 1 ^-iJ Cj^lSli lLuLI ISLsnjj ^j,^.i ^jjJI Lo 

SfJ'llj SJ-iLaJt jLIiLllI Cjlj fl a.IJ lxdl^-o ^j^!$.,,i.au 

*> 1 flvk\ . ul-« LoJjfc 4jdc J-usi^l JLaJI Ci\r >LxJI 

Esther Dyson j>uijj 


'■*11 a ' jjjjJlj .^.LuJLlL &JLoj . JjLuxj'JI l-AA ki M^f. 4 JI 4 J L) 

k>U.A.I Ij „-■! ' fl -.-II j_c. ^ <J^-iJI kiULij 

Nikos Kazantzakis >J ..j<lj'~.ljl< u ..j<_.'. 


Jjlj I « >° ^ >j -m . Ilj (£jl_aJI ^jill J Ijj'jT 4_> ■■k ^jjJI |kwl ao^ll p jji La jj[ 

< ?L^j j»^..mft ~» l JjOo. JUXI LJ JiJI ^LxaaJ^ll Lo ^(Jf^xaJI 

(4-^o ^-o jj;Ls^> ji] .4 Jr. LjJjju ^jJI ^ 11 4jl .^Lurtl ^-axl^JL» Ijlu LljC-J 

*_.* xul 1 p im^v llj ^^vlaJI ^xJsI .4 jLa-Lua>L» 6 jl J-o^I LoLoj (^j-xuLlo ^^-vxuJt ^jLfl llUjJ 

.^3-Sll I \^0 

s 

<Lxo Loj^JmJvXJ i 1 ) tljCO ^o ^ ^jl ^JjIjxjmiJ 1 

Jj a- v~ ^li v JjLlJI (Jinfill <3 Lo^j .5 Jl>„v.^. jl^oj oLiiu^ ' Ijco ( j1^^.L^-ux» 

gtjjJjJlj Lla.1 ~k ol JjJU tJljxu 4 jlAJ 5, V.i.Ia. 4 ^ 1 *J)oLJI JLC Li^Lk-ai 

j^LiS) ji Ljj^.flj jjb ^ L ®3 ^iLxo Jl xrT>t J*iL^ 


^ A^ 





Sj-c j Io tic, jl a“>c^LJ <u1jL5j 6jji 5 jj jjh.ll 4_JSll cjIjj-U Jl J-qI£JL 

lxgj)fl fl a j lju& ^Lkj ji\ ^Jx {ja ^\j 5L!1 JjLfl t^Lcj^Ll La aha jj) iS\\ I 1 Ija Ljjx-j 131 

P -r 

.Lil^XX j^Lxi £_ia J^iaxi t_flI^UJ <LaKJ| 6 JA f^yC. I AA j)fl fl^1 j£3j «.4_l 1» 4 rtK 
Jya ^)5Sl 4 iLqjiII <5Jj 4> (3 O^QJ.flx,<o JjLflJlx tlxal 4 t aojJIj 

ji^> LuJ (LLo^La^^ JxSliol L^J^JLk.^1 ^xiLLG 534-^1 UxjJ . Ll=*La_g1 

m . ^ p ^ ft 

4_jfcLlIa-ual 4xXjl Ijj jJj> .4xclxlajual <—tlfl CjLaLojua LujJj .4 Atl^ n pl^jl ^ja ^^IxJauuol 
4xX^JJ Lij^iAj LoXJ £jS3 J JxjJJ iLlo (JjLalxj Jl 4j>Lubl (Sjj^llj ^/xl^-JoJ 1 ^ 

LujJj .4x£.LiKa^I 4xxLxj (Jjlclj i j( jol j *^j3l LuJ j .Ixftxiia 4 a * * .All 

iJjJt £xLuxl^ idcLJI i^^LfiLo^ (c_filx!^|!^ ( _11J (jilSLo^Jl^ (J-usLflJ.1 £lj3l 

^^jutcuo 1 fl «^k * i — 0^11 ^J^JriTu .Ljj LjIxcs (3 H (JjLcIj 3 IxjjJ .^IjoSlI £jLu£*1j 

I \ lr>*i <in 40 — 4*1 iVijiiA L M ^.is 6 Jj Jx* J l^-o j-a^j Ijj (4xx1xjuO J l^-cs £ja 

CjLa-lO-g j) LjjjJ . ( j_LiL>j5v\ Jl^ t ,V,i5LH Jxo e-1 .Ar_l J^a J^x 3^ 

•• «* 

.pljxSlIj ^LUu^JJ CjLc.Ij3 iJ-Vj^Jo Cxfl^ Jxa IjjjJji .oLLuxjxJI 6^1 "h 1 6 ja < in 
<JLxl^ sjJ <4 juC'LjluS jI^xj l \a jh^ J JclilL pLlJI SjLxI 3 ^ (£xJ&Jlx 

(j! .lijLiia.1 iijJ v_^J (jaJ .j^iJI o“eJ ‘L» J[ J-Xi^ 

^ «■ * ^ t 
4 JA|A> 4,0. aaC. <Li J^LU* IxfiJ . 4j_fl I Jj 31 iA""v.SLj iLlij 4 jjJ ^LlujwjI 

• 4 11 Lfttj^L^ Cj[±jAj jl 

.LiAjI j^jIaJI IjA (3 l^fllUil JlLI >4j1% \ 4xL=k. ij jLlll^I jjjh*^ (3 lie j 3*^1 

j^S^J 4 j_LqjlJ 1 Ujjj (LjIj'^Lx. v_Qi^yj 4-Lol£Jl 4xil^^JI 6^fl A11 '^ aau JjJ 

•% 

Jxa Jip illj^ AjIj'^Lx. (J\ | 4 jl k> CjL^**blx- ^ o I n.\ 3 ^ <(_kJj-cJ I Jjilxuil 

jjliiJl Jlc Sji^txull jiij <j£-uJI {ja ^jIjJI p jjJJ 4 1,^.1.inII i-ojLLo 

«» 

J^U. (3° 4jullsJ 1 oU.'^LxJl 3 ^qLaJ SJlI 3 j-LJI ^j^.1 j .^LLij-ujII *> ^11 ^3ljJl 

cJLlAj »<. ip*\H 4jI 3[ Jx. 4 jlajU5 oLuij^^lO Jaj 4jLuO^ 

•T ** •• •• ^ ** ” ^ * "* 

mj Ij j »“jjxa 4 ji_oLz»k ^ Clifford Steer j-Guxu j^j)q ^K .j Iaj,^U. SpLo^ 4-Sj^Jq 

4 juL jjlj Jx .&^u)liA 4x0 ej^x^JLl DNA 4x1 (^jJI (Jju^^jJ qIjj^^II RNA L»^ 

«* 

LajUll^ JL1xj| 4jj1jjJ1 4 *nVifl II ^jA (JjxXoudJ 4->j) 1-k II qLuuaII] ^j^x^Ldl 


(telomeres oIjr^o^l mII n4_>jo.xJI cjIj JjIj^JI cIIj j 1 -wvN 1 1 4 dual^JI 

(jiuo jr^csj)-Lixll 4xj>kJI JflJ.ll JJX JjjXj LoJaXj .L^xO p <n5\"i Sjjo (j j-xxil ^xjlaj 
(^bl^oSll 3^° 4Jj^-U> 4 xjIo JlxA .L^-xixflj jja Jj j 5 <dJ3 JJtJ xafl xa 4xlxJ1 ^ *Lk" ^ 


\ AT 



9 ••• 


All I Jjjjul* p j~ »’t ^jJI uj) i a II 3 i^ajiJI (3 ^.jjLjJI dNLTxl^ 

.UL^L*. (3 ffLnJxi 

Jx ioSlxJI UL£U> .JjJxil 6^ <d*ij <jl U^u LL Ijjj^. J*£i dll* <j£J 

4jli *(JjuXJjo J< An 6 JJJlLo 5jLq jGjjdl ydJU Loluj ‘UH^jdl J) > 1^~> Jx 4 j| (jl (jjjJl 

«• 

(jjjl^JI (jj j*v a 11 j^l iHans Moravec tiL-slj^-o (JjujIx j^uu .4 > mLa j^j^. ^j* ^jL*j 

«• 

.4-Jllo 6jLa (JauJ jjvjjjdlw (J^ J1 i L>iJ^ xA ^^3 (^jlaJI (jjJLlI Cj^T S^jS Ijijjt <jj jJl 

%* 

i^U-ilu^Ll 41ml.nta.JI <JfljuxJlj Sjlj^JI CiL^jJ (j-0 3 1jUaj 3 U5 fl mfl 

(jl Lul(jAijVfl 11 JjUJI (jLttj^J j5La_) ... jv^LlaJIj oLjiHl pLuu| {jA jvlSfcJI ^JuOJ^ 

(jl u^a; Aljjj (jl ^jlx. 4 a vo fvZL) iO^J^JI <j^o 4 ojJ^ Ij Ix^i t-ifl fl 

d* -^=di dj^JJ *^fi dl (5^1 d* dyj-^ i jj'^ -^=di ^3^3 

«• 

V .((jJluJI I 

j-o LjLarJ c-Lu ^X JolfiXs^jl 3^" ^jJI jj) Ini 11 J^l (jLfl dJj *_oj! 

SjijJI lllal ao^SI 61 Wflll ^yQ jd&JI (Jx ^fl r> (jl Sj^Lflll 6*lgJ j*S o i .U 4 iJI 

«• 

I 3 JjJ^jJI 6 jlxl (Jx. S^jiiJi <lfl Ac. jLqIc^II 4jjl^o| (j-o 4_dlx 4_z^^J ^uj ^jJI 

Juju Ju* Jj 4 jjJojJI 4x^ujJI jX 4uL$uJI 3 Ljjj « fc * .Pi^fl J-H 3 4^3i^uljJI 

«• 

Jx Sj^QJJtil USUojSJ J(jc JjLilil 4j 1 (]ill 3 c-fl^-uj ilajLi 13 -Lju^Jcl 

:(jj^ sjulaJIj (jjiJJ 4 -ujoajjJI oUlAllI Jx ilaLt^L^. ^liL»l Sjlx^lj *0vjjdl 

.nanotechnology SjjU^jtlJI L^JycvJI 


5j0j 5ji ^JLaJI pLu SjIxJ :4UjtLo^jL11I La^Jja£,1J1 

JxJ ...lj[ 5 ^-JlS 6 Jjli L 4 J (jl Li^ cj^-uJIj frlxoj^JI JjLuJL \ a \ 

<Gl jjlfc l jAj _ ^jjJI ^LuJ.1 A£. cLi^l ifALua I 'jyJ CijjiaZ 

«• 

% 4 ^ «• 

Richard Feynman jL vU a jjLilij 


(j^o^ 4a vfl._\ 4jj^ixu^ j^jLO d ^ j ± a \ 4j jJ (jl ^Xjl La (jl 

(Jx djJad (j-fttil LaJXr .j)l^k-\l J£jII «43jl» 3 ^jl^»_I 

JS-ullI 4 UWwiun ^xU I p.L=wjJI (j-o p! * 4 ^ 1 1 4 » Ir^fl tij^ax^ll 6 JX 


\AV 





JJLJ \ q\ H oilll pj » . 4" *i n /\ 6 j^j> <Lo!»LS cLadfi fLfiUjL <Lujiu 

«.lJL1a Sj^a^cs L^jl oa^cl ^ \ VC l» t4j^ii_i La Ijjb ((l^-jL>j^r>o 
Doglas Hofstadter ^jLLxJ j j 


^j£- ij^jHII II J>irwJ I 4-tAo^i ^iJl pi ihAS^I Lo 

i* «» 

JjUII jordl <3 jr^A^lJI 4 ?4ajjil 4jtJjdiuJI 4 1 4. ki2t> 

jllljl (j! L^JUil ^ jil I ^.i...1il l j^Ui oL^e-j) ^ ol^^L* t 
4 -v * j a t fJLaJI ^ 4 -uLi^q^ J ) 4-w 4.u*^ a .o ^JLual 

£j\ a> cjdjLuaa (jl 6jj A11 > i ^<1 1 jLaJI J-Vcj .^JLxJI 

«.4.niA 5jnJt.un ^ ^ * L>.o » t\ a d v a ..l\ La <4 \.mLml 

<Jim Czer jy>Z 

<JUl^l ±XJU J^u 

Marc Abrahams j^IaI^> 1 d_>Lo Jjcl 


^j^,.LaJ I 1 aIja! ml fA ^r>fc Id Lull OjL^ ^^vudl jiild i 0J I I Jjl j 

CaIuJI olj-iic Jl Ui'iLul j'LU.I .J,^' l^old^lml ^ ^L^Jj 

lj| <j£J <4 jLjIj 4 AO ^.n SjLflJUO oUL Cj)1 I Jl\ £JU-CU . jL>. J LCl t*j 


< v*hmJ I» .4jufiLxo j^C. lYi \'\ (J Ijj y ^g j"wi >ll J-C. l$J LjjJaj 

*% 

La^ "4 a! ^ II dJtJL) 4 AI jj^uasw (3 d ja 2 dxj^^W 4X-1.V IcJI ^j >ji 

j <j jrLa^jLllI Laa^]^I JLx-a ^3 d*lj oL^Jaj jdlc. *Ralph Merkle 

4 tj 1 a 4imu» idLdl ^‘4 ^11 ^i l 4 j i3 ^-11 ^JL iiljLa-jl 

<w£^lu Jill^xL 1 < 3 j ... j 4<ci^fc^LLl o 1^ l q s lj^aj Legos c-Ldu^JI • 

i .«4-o^*iLLI oljLifl ^lfl\ 4_jJLo^jllJl Lka.^Jj) 1*^*1 II l a 1a 
5jJ 0^1 Sll icljjuo {S3 ' f,t ^ J-C- 4 -ajLjS 4 kifll 4^ JLo^ld I lxa»II 

Lujj ol^>j |jiiAA. ^jjjLJLcj 4JLLI ^ja jLLo JJ «^jL*)) j \*auj .5 ^Jj 


Ci^^l (J-C. SL^JI :ij^Lo^jljJI Ll^J. xfljJ 4 jj1^o^I J^=b.jpa ^jLkjj 

(Jjua 4 _l=». cjLajL^ ribosomes 4 ^o^u^ajI^JI oLo-t< 0 .^!I ^ ^ ^^**-11 IaL^ nL a. ^3 SyoLc^JI 

<M 

6jfl <ua 4-aa5j ^_dljiLl LajlJ (Sj^IjJI 5j-U j r^lJ i laI ^ p-^J^=fc. 


\A£ 



• t f 


^Lul^ I j 


j-c (jXjSlI Js- SlpJI J-fl-1 -4-fl a! (5^ u r* '* ** ^ 

.^IjJI ^ilijJ! <4-iJLa^liJI ^ xlS jlLI 

«to 

^l!l 4-usLaJI 4jjujjaJI c-LuJI 4jjJj 5 Jj J*kn iijubj^ll SLirJI <LLjLuj Ljj^J Lal£ ^JlSJ 
•• 

Sjjjfi iil^JI <J uni ^iJI ^jLluj^II jliljl 4_L&u^aJI 4 \\a~ J!Lq LoLeu .L^pjtjjkl 

41cjIjJII £^%juI JjlaJLj 4juu^jlJI 4-a-luj^J1 

^ Jl uj^ Um\S^ ^K-LTG LAjIj 

^ » mUII aJLsJI j ^lixSlI H J-c <UjL 5JI Lx^.^Jj).i5l~i 11 oIjaS 

(3 ^ N ^ 0^ j Sjjq Jj)Sl SjJj Sjj p-Laj i a»^vg 

JjLulUj c. 1 ij| \q 11 fjlxl 4«^UJI j j-vjS £ «n~i a dlLiA» i ^4 xjjSjJJ Lijjj) fl > 11^ J^_aua) 

.44^_tu^aJI ^ j^Ixt ££jJI ^jml£U 

0*^11)) 4-iLx£ LoLc wIjlj ^.1 cLj\ 4 1*i < n * i^-sl a \! 1 jA * it 6j^LflJI ^-i ^Jt^li 

I A.U,«*i 4 nlr> IjUriUl , U*ci 2 k*t 4^j^ JjuflJU <—iLjiJI \. 

jj ^1 £-*) itoaj > ‘ fc »ia» <oL a! jjLgjJI (3 cryonics SLi^JI 

p ^ 

- jU’vll ^J)*1 mil J-C 4-ilflJ mt (J-lLLI <2^0^ CJ^ uW (J^- (a-ul^JI 

* 

JxoajJI Ciljryll <j| iiLx^llj <iLUJI f\ iA>lj>-o) 

p c* 

6Jlcl^-U A A^jll 5 jx SLirwJI 6jLc^l |J tS" /.iM ^ JjX Lot 

.j^T juil IJ^i 

iI^A ju^JJ ilLnll ^)l Jjuajl Jj * K Cl^T» ^ULU JJU 

4-0-21j^o a-C.j 4-xifljJJ ^j4.a.<.nf\uLmLa ^ ^ 4-fi-mloJI 4-LaJ otillalLo 

» » ■* —, *• 

^ N ^ ^ Y i,2j^uuj ^1 t^)-l ni^jj 4^.^^Jol (Jj-oJJj . 

* «* 

LjLajj u(4_lxu^»JI i 4-C.l.i ts\ 11^ ^4 i p i tj,-v 11 4 -lISH (JjIjjlU :4-i^jljJI ^ UaH» ■ *L**C 

v ** 

Jji *—iJl^ ^Lc JuJLj .iLu^Lai oLa-uc-u^j^ 4-k 1 1 iv*v a" Cj*bl v l*v*v ciLij <3 L-a-> t ^x. ^LoLu) 

.^jo^LJI cjI l^uix l*fcO a J.\U11 ii^Ul U^.jJ^iUI -> x H^ a 

Y o *_j I ^ ^V j^auuj ,..\ oc. 

* " “ ^ M ** 

4jlJLj ^^-~>4-lLoaJI 4jop < SLI 1 ^ 4_5iJ 1 ^j£~ LqLoj ^jjAxxj ^JLc 
Ija ^jl \\*\V (3 ^ A ^ j£ i11q tNanothlnc o l^_> jxi 

Ll3.^Jj) i \“>Jb 4-LuujJLl CiLxjXjJJ 4jj)\ mil cJ O^LxLo 0 JjloJIj gtllj JLaJ.1 

ixLkJlj ^jl» ^-LA-ualiJI CjI ■* iflVg ijJLu^JI 4 -xJLj dUJ J Lu <4-j jAllJ! 





{jL. jjjj \jjt ^3 .La j \£.3 t^uLiit <Jx 0L1jiuu3 j£ail3 , 4^1111 

«4jloj J£ vJkcL^uJI 




.nanotubes 4_>3jlaJI . n * 1 I ^ II 4jLlla ^Lja jI^q 3 ! J3XJ S 3 A 3 

tjl 4 \%xa 3 Sj^i I CjIj jJ 4 „whLwm,I 1 JaLaaSlI JjLfl (JjjLlLLI Jx ^ 1 aa Lflal £-a 3 

, t v< 1 \SlI 6 Jjk ^jjq Ja^laJla 4 jl0 vjcjj S(^s> JaC. ^IKaib .4awj J 

w •* 

jjLJI gljAj^JI «Laic, ja.1 .Richard Smalley JLuu j._>! .Vnj <J^aj La I la <« 4 j ^Liil 

<_i^jLiSll (j-o 4c.j*i is~i 11 5jl i mil ^jJ$Smu '.^Ul EijS ft(_£l&. ‘ULii^'i SjjjLa. J-C 

«• •* 

(Jjfcj tJtJ Lfl-03 <v-j-LuaJI <ja ic^u^ll 6jl vtull IjI^lLojI 

4 a^LJI i iiiljSlI 4 x31 i ^>1 I 4 jjl </%0 II 4 jSk^ll 4j^ - U.fla *iLloj 13 uia~± 

w w ^ w ojj Cy* jd u3^ L>1 s^5j f- yvj 

«• " 

<ja I ^ ^£a JjLtfxfll AaIa 3 Jar* Jv Am Sjl^aJI £-a 4 a 3a UJI caajlaSlI JaLjGjj 
♦ Jli-ii^ll ^A ^l^jl (3 L (3 * t ^JDJ .(JaIaJI 1 J A ^^JuUfiutl 4^ULgJ1 4 JIJ I 

ii^iUI i _ t 1 il jS|) J<: mi \ 3 .6^-3*I ^1 << 3 * 33*3 <4UXQ Mil 4-JlIA Jx jj[Q 

fJLaJI J Sji^J 6 JJA.JA 3 A 3 CiljJ ^JA 

< 6 pU£JI 4jL)ia 4 \ n^r* <3 4a^aUJI iaaalaSlI ^uAj ^ljr*ju-ul > * ^Ja-fl <ja CjjI j Lof^ 

5 

Jx ^jj j^IjjlJIj ^jladl /jjJaJI 3 4 jLtu^aJlj 4 a^ajjJI 4 jaJta ^ja (jli dljJ 

«• •* 

<LaJatJuali 4a^jlaJI qa alaSlI ^uita O.Li iiSjlaJI 3,3 .SjLU (J4juflj (J-4 4Xjjjuu2kA 2 _ 2 h.JSll 

^UaJ <4 1MIJ)^.11 Lubal l^Alxkaaal 

.^Lujls^II ^J-X 4XJ3II L^a^Lk^ol Jji5T\ inil 
<IaL(u 4 aLafc j^aJia ^1 LaVh i^S/l ^Ia> 4 ajplaJl lxa»3J3 >^*\H ^j£- 6jj)<3 Aill 4 Jja^ 1 ^ 
jl xJit IBM Qj^lil .(^jjJI ^3*1 mill (Jx 4 aajl^II 1 >fl\"tl 4aJ-»L5 giaju Cj!Jj 

^jjuLuiii Qa\ 4 ^ ^ ^ *A 33 ftO^Lwj^a 4 jaA ^X 4 a0I3J ^Ij^axula 6 JaJII L^a^^Ju 

sT ^a o 3 f^° - ^y 3 IjL^ Texas Instruments 

^ * 4" * to Loa TI .^l.^a CxL »3 . 6 J 3 ^ H Jlx ^ 30^3 olj <]1 3 4 a\. 

. ^ *\ *\ V 3 LaLiIjA ^jA ji 3 J ^j 3 -Ja 


\A*\ 





g_la-u.< j-k uuL o^ll UCLA Chin-Ming Mo g *■ *^^ Jl ^ ^ ^ 

d > \ > 1 rJI oL^oiaJJ JJiLajQ 4lUjiaj pL^JI Jj j ^vYi jJLl^JI 4_iJL> q!- k .> SUaJLo 


jUl ibJ 3 Andrew Berlin ^ ^ ^.iijLaJI S^dUaJl J^c. 

4jLfij^J1 JjjlSjJI kiL^-aJiJ ^ * J fl ^ A pI^A oLoLajua ^.lulUixulj 4 ajUo gjLjJI 

N V « •• tx ik 

Cornel Jnjj£ 3 Li*JI oLJjJI »_JUa Dustin Carr jl£ ^^Guculj 

j-LlAj jLjjlj y r> jll^k 4,VkJ ^.fl^iQ-k II jtxkaJl 4 j^i,u Ijllxa* 


4juLlaI ^ *4joll SpLo^ 13 djl jlilil y\IjL>^ .jrLo^jll (J-\. 

3 <Lj 3 j 3 J^iLo \ • J JJCaj jlUjSl! <i±U 3 c-oLfc-Ji^ .Lfl-j <_flJ>jdl n"\\ ^1 ,^a 

gAxuiJ 4 uj13 J£J Sjj^J (jj^ vjjJlII J_^ (_^C L&Laj 6Jjju 4^a-iA <4 juIjJ1 


JjJi *i*j 3 Sjtulud 2-jUoI j^jIjJI jS liiil iLujiXI ^till 

«• 

.4jI^LJI ^ " 1 11 pLgJjlJ A t \ILi d^nvoll ^Kll a » *.» La j-LuaJI 4 jlJIj gjLuo^ll JaaS 

Lo ^jiLlI L$llc. (3 i^UI o*il jl <_£jJ jjl j*VAi <4 axu^a>^ * ,y ^ ^jLloLj 

\* 4-x^ll Cj^lSll 6J^J ^j*S fi t 3dj3fc .^flTvu 4^hJLxA J-C. 6 jJAj p15>3 I jAj£JI jJLjlII 3 (j4illll 

.JLail IjA 3 (^uLuiSll k.AiXgJI ^■i.'k.u j>ajjJ <i <nfl > l"fc mt ^t*i 11 l 
4jlSJ Cj^lSlI 6 JA * I * Jjl ‘ &J LC^l I -Uv a! t ^aI 4j1 A jj I^aJ 1 ^jt < > 

.Cjlj^jijJLl! 3| Jju^3 ^JLo^jLaJI p y ^k ILa c>^ISII gl*i"kl iSJLjufl 

jUJul J^sLa. aHj JjI ^LftJ^II 3 ^ at t iJjj jLxj^l 6Jx-vjJI 4 jL» j-lcJf j 

.Ip n,Q’> gin o'i^l Ja^I rcombinatorial explosion 

4axllij^JI 4jAd^)iaJl a vlx. j\SLuSl! jliul 3 tli j-Ulu-U^ 3 ^<3 y 1 K ^^3 

(_^jllll 13 a Jjua ^x>» t 4 » j5,a g^h ^ i ( J^Llu^JI j \a .Am 1 

ciIaJI jl aj o^UI jljuol 3 4.1iaJI JjaxS .nanobot o^-»^jl3Jl — >1 xuH^u^i ( _3l3 

' * * " " * ^ » 

3} ,4-ukflI 4 a,<i,u dg. 1 \ igjJoIjuii <j!ti"k > — J^kjlj gj3l — 4-Lfll^ 4l^^o o3 

.id^lkil r liJI jl^ll Jlx. ^SjJI 4^ ixpo 4^^! idLliJ U iW, 

LaJlaC kJi^ut ^^lll 4l^ wmll J^LAJLI J^k d \K > $.L£3JI 31 

1%0-LI ■ t-LWlll ^Lfl <4jLgjJl 3j «4,.1 aa 6JflJfc a 6^La ill 4 aLu^ 3 JS g^lu 


NAV 






pJLxll j J< Alll 

^jjl jaJLxJI LL=>. jt ^jjJI nil I JLC 4 Cj)1.u~lII ^jljjl jlK*ill c/^ J*C a > 

JljJUuuli LcjO (JjJU J-=*> Jl 4 I 1 -VJ 4, A ut Aui Lj*^L>. 4.C 1 \ i I fl V\ A ) ,4-Lfl |j!uJ4J 

£_aaJ 4a%ia V\ at 4^a>l in a i_ t IWn 4 \ m a mil Lr^L^JI (jl .4 ajjU vij^lll ^ j j} A 1 

•O^SlI Jl Jl islkJI 4*^3 ^ (J I uLo J i 0 * ini^ J^.aj A) pj) 14 ^ 

^ II ^^£.1111 lljl^ J£ t_fiLuh3 lliJ AjJI CjIjLu J ol3$jJiU J^^lLLslj a.>^ 
S^L^UI auui ij I^>IU^uJI Lj±=w i^JJjSj olu iua ^jC 

J^iajjl jl IrVnl (3 ^ HIA'-klll pAj II Cjljj) ■U'-mII (3 • jj^J.1 Jol^C^ 

M * 

jl ^1 pli 4 Sjlcl p t U3 m\ .<Aq 1I pLiAc> < ^|i pLIj fcjlcl ^J\ A 4 4al 4 ^a*!iL*JI 

J-iLuJI J-*^Q H 3 1 / .ill Jlc dij Jjl£L> (jlj) 443J^-^1^ IIa.hi.t* pllfScl 

** M 

(Jilfll .4 jj-uluJI qIjj) 11 SjjLJI d t 4 i nj, >w 11 d \ Q \ U>J^ll IsKl'V.fl JJ 4 4 UO> X II 4uiJ jjfl II (jC 

4jjLlaJ^JI^ 4jj1 d tfl tlrwt I1 ^t-UJLJJ, d iLi^ \\q H jai^C (jSLcJLI (j*0 ^UiAA4 4J 4 iflj^kJI 

lilllll 3 r ^H ^-lu^xJI LjJ ^ull JfrA (3 XAJ 4 ^iLqJ|JI 6JA Jj .<4^iu 4 ll**. 

.^^LUI LajLLi pUklJ 01^jU 1^9 <6jl^2kJl 4_a^j J jlloj ^ 

\S±Li\ ^ >aia 1 SjIcL Sjji J£L\j (S3^\ ^Lub^l 4 jlajjji ?* ^Ju j( ^ *U" /n\ jjjlc 

LoliJJi d t ill a j |£ja i^d^l 6J JJLJ-O ^ ol j jlIjAU L^jLu^ pi lAC^j I 6 LL^ L^JLq ^.jJI 

«* 

. 6 JJajla CjL> Jlc S^jLa CjIj ^ j,t *^ 1J ol a.ia< nl 4 I l<*U^ J.UIJ 

^1 14j J v 1 fl *\ 11 Cj 1 AJ-ual 4 jlOj>jla Jju aJ Lllj'^Ldh. jl 1 jl 4 Jill I J u JLC 

4 ju jl|g a 6JjLL=>^ 4jIa.^. p lr%> J[ ^Ij^j m 1 \ i \ I .^clii) jL^JI ^a ^^jJI J| ^Ll^j 

.4j i^jLjJI cA ' *uto J^o 6J-> J-2* d I X 2uj _U^> ^^Ixail JLC 

«* 

infll ^A^j ^jl IjtJLAa. IgJ A > ^ULlj 4 4 4,1 oil I ^3 IJ)^ 11j i^jAU^LlIJ 4 j^LftJeJI 

.6Jj^>4 (51 3j SijJ LqjAc jjiJl J-C 4a4^j3 j£-aj o LaJUl l Ja p^j (^lj .P^J)-^-> 

«» «* «» 

Ijj'JLi^.a IjjLic j g iL£L*Ll^ . u"v"unl jl vaIojoL) 4_uxflj * la^j aJUlII * **«« 4 J„> aIL> 

yJkj jL» 4 j^jLjJI L^jJ^lijJI ^a 4ii j v_i ^_i-u ^jLaJI ( 3^5 « 6 I 

l^jur>lj^.j bb;3lr>A i^^xjLjJI fjJk .^%.j 4 ^jLJLI^ 4<ilj^ll J1 a pLull 

~ ** 

.iiiiui ^ ^xiS j — Ji o' 

CjLxj 1.43,11 4.iAjjxII j)-Uk_--*JI ^_<juj JjU.Ljo) LcLvj CjLuUI &jjfe ^)^.Ja3 v—ijpu 
pJjaJI 3 ^jLaJI Jjic Jc el: J?w~il La J4C 4j^jljJI 4 \\5311 4 flh^kll 

** im 

1 1 ' 1 <4^£3^jL 11 ^ j ,, * ; j 5 .jLuil 1u-& A J p* ■ ^ 1 h , f -l . '* .(^.Uill 1 V ^ ^ya iiJLJI 


\AA 



A I a ,,, 


Jxj <(2 ,aJ |xX J.It* Jx- 4jrkfll^k 1 lj im^ til a^oLlaX 4_>Lo^. ^uLiJI ^J.jAfl s 

t^jlll (J^juujX l Jlc 4-ii^jliJI L^^Jj^lJI 1 ^j)Q aj ^jJI ^Lu^SlIj t4_»Li 4xiLaj^ 

£■ 4il ♦ 5^_Li_ixu-o^ 4 joLu> a/^ 


^ul&JI 


.HU I lix 


.4_iljjJI (J j^Joxll L$j 



at a.j .ijjLuajLfli Lvi^c. 4 \*\ a o 4_^iui 11 aa^ a^ ?r m\n. ^jj 

** «» ^ 

v bj\x uL^xijj 4 tS itia Cxi " <fl lj| Ul\^ \ La .^^JUudJI o*%“> ilLmil 

Hjj .Jjjj Lo-o iLijJ ^vjuuaj as gr mtil HLL>I a (aJj c-fiSL=k. jjl 

(5^ J-C- (^ 

a^- Ij^juoj a^ (u^^> 4_Lo ((The Blob 4 juLJI» ^ha 

4ji jji 4 ^^jJlii sjUi at JJ-& k o 11 a ^11 a^ «aj? ^ ^ ^ 4 JjjlluJJ 4_» ^iint 

a- 4-»^jiiii Lx-=k. 1 1 a' ijjSn ijLi .4_»ja^Ji sjlli a^ ^ j it* ^ min 4 _gi j 

w» 


i o n>fl\ j*c mL.ii L^jLi <a 5 ^j^)i jx 5 j ti 4 _»jpiiii ^-ujLj^ii a -1 (3 *m jxjj a' 

otjUaj%ai 41 in i ^i La aj 4 ax ^x^ i 4 _>sjLa a-^ i« 4 -jtUi» jia <ajjs 

Jx ^uul ^y fl*> a iijiLJI C/JSll a* 4 xn H <oLjI^i^JI Jx Sj-ojjlII 41 ilflll 

4 i 4 M.ii H Sj-uiliJI 4 jS.HI 4 j^jIjJ 1 oLjLjSJI 6 jx <JS uJju| .a. 5 ^ 1 a^ SjLa ^1 

a — 4 JUJ 1 6 JX a 4jC.^r JLL f a^^Ti CjLja^^H a^ JjA* I' 4_lj LvjO 

«* 

^jajLil! Jx icllLl CiLuxiJ oLvjrLLa aiox culS .a^JI a- 1 

ay: * Hi *Saa^^ 6 joLjxJ 1 o^^ii jjiivt a' ^^ 4 ^jl ^3 s^jl^ * a ^Lui^-i cj^m 

e-iij 4 x j^jlu jiSn Jx jija a> ti»jptiii sjIjaI) ^Lm^n a^ 

cj^iSii oiij)jbjj hSj Lajjc- ajjj v-j^Luaii jLajJi a^° ^a ^-1 i aiix a^i .sijj-ii 

.iSj-xii a^ ^ jx 

p p p p ^ 

j^-lal a^ * 4 * \ 5 n ^ 03^”* Loj^> i^r> tnll I JX Q^^-kl Hj) a^^ 

JLcX^II)) a * 4 -OjjJoj 44i\ll 4jjlj 4-ujjlX a^°j) a^ Qjfi * 111 4-il HlxI 

C 

a>if ^i h ajj a' ^ qLc.Lo^ji &ax jij-so a jLaJu^ii^ a^ j 

ji^.i> ^a a nifliiiL 4 i^aLaJi at a^ 0 ) a a~ii ^>j?a^ *■ * % “* * <LqL&j i \\ oir^ 







d^ LL^JI <*<, V*v > Lc J-lCj — dJa JakJ Jjl jjLJI ya d^d) d* 

«.<LlxoLujI 4^q» I CjLajoJqj CjI >ojdl jj) In'! 3 jj) nV> dliA .(! JaJLulLII pLtl 

d^ 4 -CLo^IIj ,6J Au (jjiljJI 1(3 lie. .IaI* i 4 ilrtC. (3 p^^*V» ^jJI olj^ aj\S\ ^^A dll 

^1 ^Jl tCjljfl uuotll <3 SLl^J! pjA Jj p ^* jfl <^V» 4 \ <ii 4 .r>( 3 11 i-tl i<v aj > 

J>p ^jJI oL^-ajdl J-C. <L<uL 5J1 p-tjJlj < Jajifl llj ^jljrdal! 4_aJSll pJfvVll^ tjSlI 

a^ a^ JJ CLjLjj^I 411A d -0 (^yJ^SjUi .4-UL4jU^0 ^1 ^yX2*-Ui 4jQ^Lo* ^JlC 

p 

O-fl^JI <3 4 ^q iitl I SjO % 11 uUlfllU 4 ft a I dliAj 6 JA Ja jLalfc^ll 4 jJjL 5 d -0 

4Jn^ a 3 ^a \\qT% j\y qTJ > ,^JL> 1 pLxJI d^l jJb 6^uu (^1 

d t\K„.ll 4_fl 1VC11 d t 1 \a 3 JjU ^lili jjl iiLUl d-° c-L>j^£JI ad y 

^liJl a^lxJl 3 O^j -0 ^a^fc a3 ^ajj LoS dJa dir® d «—u^>5J1 jL^ju^j^II px.j^ 

4*iia-k JcIslo cuaxqI (j-Gj aL^JI <oUqaH 6 aA d -0 olxo (J i« AlI uj^ <» 

d "v 1 ««i^ll d® Cjljf^A dLiA ^ >LuUJJ (3 d* Jt 1 A iLil> 4 0 la! A J 4-fljjJLA 

.Lls^JI (> L$to </' J ( t* L=k ^ fdj 
jA d^ -J-dl^k 4 J&SJI Jl ^caj ^1 d^^dl ^ UqH d^ u_fijr\Al 

4 jljujLjuj^I 1 L^Jj \*\ \ 11 d^ -yj'p 'V . 4 _>d»Llll d t\s*>ll a a »*ll I ^lajJl plaikJLui^ll 

dt o.iid .uUj[ jl v >a. Slal UjUIaL l ^<v> d® d^e dJ ‘S>ld^ 

ij^LJI d ^ 1 .n^ll 4 Ay j^aj .4 "k 1 iirJl 6 aA p ah» fl ^aTuj d^ a-i^J in 4 JL>. 

♦ 4 -i^iLk S^ld q U\^ juub Joii Jllll Jaxlu Jlc <Lo ai>> IxLs 4 Jj(j j n v 

• L^jIjtVjIj 3 IaJl tu\ 4ila >a ^JS^ll ^A <4 -j ylaadl L^Jl^aJ 4 juuojJL* t4-»^^jJI d^ 1 ..5^1 Lj 

.y5£Li Ijlxa. dJa 4_>^jIaJI 4 tlft’iil ^K*ill ixlla 4 t nlrill J * a a j 


4 xi^ljrLfll ^Lul^\ 

dLa ajalc iijjuoljrlil 41 aj 3 1^ LUl Jaa-=^ >4 ia >5^11 pLaudjl u> L> ^1"^** 

f. f » 

( )LxJI pj )(3 fl A t j^-d> 1 la-i .4^>.^ d^- dJjOAj pj Q w I. p ^ 1 

C.LA> iftpLAflll d^ L^Jjl -1^’KK/s £* a \ 4^JJ pt-UJ dt 4-uaLk idj? * II 

djjt^t ^^g-Lu^SJ ^ALllriuun^ll A^aJI 3 dUw. 1 iL^jjLlS 

•% 

4lu J^JI d-° d^3 ^.ol \\n mil 3 ^dajJI p fl"^"V3 11 ^ Ja p(3 ^L^.* ^ ^ 1 



.LuiaJ^ ... 


->\ll CxjL *4 4fiJ oiJ 4-ilJu ,^x 4 Jm 1 ^yX-LjJa.jua^ll pLadJl 

d\ ti>s a .~.Nl <..*C ^ 4^uLaflJI 

tili£] £^o 4_i>xlj 4.Liij^.^ 11 ^jJjLflJI ^LJI Caa * 

<j^o .JLaJI jAXj (_^iuJ .4JxklU ^Jl^JfcJI 6JA 3 LLa (JaiaaIa JjI ^ tlVl ml ^1 
1 J-il 6 jjULa ^ jJI 4 1 * flLiI jJL fJLJIj, <4_tuLaJI 4 -iJ^j til\5 v.,a > 4^_a». 

.JjJaJI 60X> t-ftl-v Lu^-o JJcu 

3 - *-j. 1 5 i | ^)liT ^0 Jaju J^AcSll <JuJa, pJLc 3 <JaJj ^jl 1 it lx 3 ^ Ijl 

i 

lluA ^ol£J bI^JI £jA Jja* JjI ^jJj^juaJI jijJ I ^-0 j£A^|l Jfl H.,11 

(^woljrLfl^ll J-SljU 4 \ lU,jJL> ^oiLuiSlI^ . dljjj JL—O JS jho 4 1^1-L il^AJ 6J^a. 

^ a U.\ a ,j,| I^JoL» ^uj^j ^^ ^Jx 4 ..ifl t j^_uJLI mu <dLu»1L <iJja—> Lajx tibl ^a 

<.il fulj ^jju Ljix tjjjju Lo Slf£L-o ^a d*WMl jLxjSII 3 v fl Cy ^ o I**^ *> 

f- ^A 1 * i I fl -l r fc Slh ^1 ixj^aj ^-ix> r^jXxLJl fJLxll J ( 3 

«iLuL> Irkflifl iILajJ A gJ I j\X jj) i rf**k 11 L£L* (JJo pjlxll vlilj tiLa 


. pjliiU 

3 i. v ,y^ tli 4 I^ajl>. ^oljrLfl*^l 2_fll *i\ j*J <Cj 1 l ift ill 3 (JjN^ (J-^ 11 i-i lc.1 (Jxoj 

g-liil (3 |JaLiJ dlLl^ <4 julu£aJI ju^JI t-ilirt*it JUJLa*. SjlxJ^ (^J^j .LoLau 

LaXJXa. iJAIaJ 4jJI j kv* ^jJt pJljdl tdA 1 ^(JLajjU Jo^^-Lo ^1 .ijift ^JoJyQ 

jiiJ 4 -oj^Lo j\C. IhUI i i j^X <3 inll ^ ^J) 4jBJ CajI^ Li^jI^ .LaL&j 

Jth ^ olj j^Lxll ^1^1 giljjl 

^j-ubj 4XJ jauAjllll (3 >i.LjJt ^ ‘> Loj 

.^ajJaJI J Jlj-> 'il 4Ji1 La <4 x^oj ^i^ll CaI^Iaj 11^ II ^ J-loj 

Sju<Lxxl jJnducil ollu ^-c SJJix^l 1^2*1 yLfl'ill jxljJi ^j)5L> < Y • * V 

L^Lla^ 4j|ju^l J Li->^o «JlaA^JxJI iJlx ^olyLfll ^JXj^ <J^a, Urk*>lL 

.^j^-ixa^JI v_> L_3 cJ I j Ljl-qj L> 

j^.^11 ^jl^juIIj .4 la ^wnllj iijvAjJI — LLlu I^=>- ^ya jjolil Jx. JJj ^jajj 
' o \a .^jlJL JLfil J^IjG p AbiiHJ «4 -a-lu-oJJ 1» o^LkljllIj ^x> JLjJI ^ <x>^'i 

iCii-ujj^-Ali force-feedback 41^1^il 4uiAllL Lax lllL. ^La 

.AjjxLLJ (Uilmj vViLil a i/i < i* j A^bix^l JjLuio /lauo <3 CjLjalLjJI (3 ‘* >v ^ * \a Ja"> full 
v-aLJI Jx 4j nun 111 £ja qX-slj 4jl^j^1I 4_a^ujxJI 4uJjuJLa ^*i1l Lax 







u-i jI SjLixo Sjlii 4-i*J (3 j->3^-*-^J 3* I' ^jfr-u’aJlj j».iiu ^ 11 ^ H 


c^' ((tactile mouse 4 ^ ^^A 3 "od 1\3 .<* 1 ^ mil,v % 51^1^ <0 3 ^^ H 
t pL j-ujS |\j <^Jru«Sll jjjaaLoj jj) * util ^ \^“wnnil ^*_lI3 1 (] Y\ I 4_»Ja JiuJl SjUil Jlo ^Jjoaj 
<^ jJoJI ^JjdJI 4^j-Ju <^jq! fiiflil Jx ^jJi .^uUI 

M «• 

j^jJj ^LUI f-UJaSlI joL) ^luj 1 iAiijv <eLila?}|l ujjJj 3 SdeLtu-olI 4"1*C1 ^ ^ ,2a cT\ Lu^jj^q 

3^ Idl 4j£jJI JJjJLuiJI X_aJoJUAU 1 llilli ^JLaJjj 3 a .A t* l—fljJ-LUJ) . <_3LA-xlgX.ll 

W .aIjjI 4ji cSjiJLi j)l jmX I Ltl-i^-a 


^y2>^xl I oLilLi A 1 H ft 1-Us t 3 <U^J jII 4-i^jLLflJl iljJLJI d) l J ^^jjl I lAfr 4 jjjliJH) 

^Lll JJcoj . J^oliJLi 4 jJoj£ 1 fl ^ j < ( _joJL JbLljj-i ^uuai .iijjJI ^LLxj 3 ^ *. w 15 i 1 i 

> ' ~ ' * 
i ^X. 0.5^11 pJLxJl SjjlJLo ^hJLA . 6jj) uZij>.J dJj5^dJ ^llxJJI dillx 3-* 

«iiL jJ ^jjLwJJI 4-ujL^. (J^ ^X 4 \ mi 4.Vl i Jl ^1 1 ~k I 

^ 4\ixJI JLAJI ^sLfll 3 L^jjo LajIj . 4.,.ix^1 jLfll 4 \ ml 4.\ i > j.Ctii Lie J 3*^1 

iflLuil dljl^j^J J4-1 Jj jl£jul 1 11 ^-A > ,^|3 >fli /Jill jpljLah^l _*ia- j J a LojIj ^Xj j 
^ ix=^o i;^s J\ iJxJI 5Jle 4 jlxu1 SKI^a Jl 

CaVs Ijl .4-xx<eII 4 uujJI 3 4-xjuxIJ ijal 4.ifle Jx lj| diiSja. J^qIL ^laj 

4 m 1 Jj - 0 S^fviLjuo Jl 3 lXjJ 3 ^ < JLiJLl v iin Jx «L^alIjrtjfll l.Akfl^ 3 ^^^ 

3^1x11 4-6 jLxq 3 ^ 14J Ji 11 4i-\ j^)ja ijjAJ 4-kii ' * 1 L»" *.. t l jxj ^ <un"v 


^JLaJI 3 4JxJI 33h.lj 3 3! «l^ uifl i iljJL t^ ^aa 

^jJq.i^j ^1 5jj iaa <0 3 4^1^11 SljSlI (JS j-fcOj 31 jl5 x^v 1 i 

6JX Jjl 3 ^a>j a ia->JI)> dljlj^. 3 (j^Lltlj ^t-xiLuaJllj (JUJI 3 

C ffr 

^JU 3 b j\ ‘_t Ls^ ^JcXUJLi JjJoiJI SKU^OJ A.i 11 J jJJjj^ 4 -ljl^a. 4 tl -S.i iiil 3 I 4 J JjJI 

w p 

3j Sjlj-aJI 4 M 3h^J 3 4 jX jrOJuJI ^kjkj Lo jXj — frULl 3 A js: ^1 jJj-> * j 
0 <: nl^v ia jlfl a. 3-a 3j) < ^~ i ‘* > iuaXo dll 3^ 6^^ ljr^.1^ . km 11 Jj 3^^ Q i il 

Lix ^1 ^A_*xJLj dll ^LA xua < ^ ^ a li i a i j} 1 <_^ul=k_i ^l) 4iJr. l a5 tl f lj5^li dl^^xi J 

.ijuubljrLi^l dti\i \ 3 f^\ 3 ) dJLiXj 


«3d^ll oLcLxlxuj <Cj\ jUaJI^ awYLIjj <6jja&A 13 <4 i-vjUJI 4-iiiJ!^ <i}±AL laixj 

p. c 

oLxo^J 3 -° ^ 3 J 31 ^LL^Ixu 2 -ikJLi .dl in i niL^.1 4jlr\a*il 4 -Ll-ujj LlijJ 3 ^ 5 ^ 3^ ^ 

^CiljjCi-ujI ^ i- v5*il 4^ot_^ ixuiLL, I ^ irffYJLi dJLiX 3^ <6J-i^Jl ^ol^-fl^ll £J91 c.J! 

. £j\ j \Jl t u*s\ LoK 4_kj^ej 4 jjlSL§ 6JjJa. olleJ ^ 
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■ LuaJ. 


4_i3Li 4juI J\ LlLujL^J ^J^IjjJI *_*1 ^»**•* .^xujuU 4_ujLsk 3Li^> * ^x a 

I (] ULfljJI 1 \VCxn oljaJ^J1 3 -Ci 4 _XaajIj) 4 I \K ml i„t \\jrU Jt^ J-^- Jl 4-j^jlj 

^tjl^jJI 3*° 4 I v< An j^IiJ JLC. 1Wv A 1 <3Jj ^j^jLOlC 3^ >4 /nil I m u.L^j 

£J&1^JI Sjj^-uoJLq <3 4 i vUv 11 

^uajjl Jl^ - 4 aoL 3]| Lus LuJLTw I /j Li 4j_U 3 (J ^ 

*4_ujL^. LLtaAjI 3 ** 3 I 1v '&a) .Lubjl j\x"C\ 3 I 3*^ A % — <j**\jui\ 

^Jlc. 3 J 3 > ^ 3I La JtC a ^1 1 ifl 1 Q-*» L5j)l^ o ^1 1 Ljuioj L^li a ^ 

3j£* n ,3Jjiixn 4jJI £j£ j-llL=kj ((LuialjrLfll)) LtLCo (JjiuJ ^Jfll^JI 

^ f, 

33 ^-* wi 5 I ^>-3^31^ oljj )3 33 J 3 ^ J ^ 3 J ^0 313k 3 j13j<*^ l Ia3 1 

3^ jLa^-jJ 0-aj 3 -*'-^ p^LqJjJI 3 -* 1! ^L. il 3 j)^ * 35^ .^ I > a J Sxl* * 


5* f- 


.Liul 


Ji 


p 

3 ^-^ J^> 3 Sj^a^o 4 £.Ijj3 CjI > iCM ^ v<rfV> 3 I < 3 fj’ , '^ lJL ^L 9 3 ^JI 3 1 o ifl 

3 Jj^3l 3 jj 4 j i^>I jh-fll cjIjlu 3 a JcLcG >1 LjotUaj-ujI 3 3 j?^J * a iuij 33 

Cuftl 4 ^ <J1% H Cj^3kl 4xi_uajcjl 3 jLc.Ijj 3J AjiLS .^-otjrLfll SJj) I r \5 r> 

«% ’ *• ^ 

<l> u1aJLj .33^0 3 ^p^Lua J^../1U - jrLfi^ll 3 jOxuc3^ - 4 \ ,s>\ jrLfl^JI 4 \ \ v 11 L^jL^L^jq 

3 ^J .3j jJsI Ijr\_fl^l 1 3n ^-L^l 1 3-C- 3 ^Jj (^ 0 -1.5^ 11 ((^ 11 )> 3j3^C^J 3 J 

. i^l infl\ 1 A LtULTw^l 1 30 1 tiuLij pliLljl Lubuil 3 * ‘ AU 3I 4 jul^ I jrAJJ^I l CjIjujJI 6 

3 I 3 ^-j .^fl.ifl..-^.!I jJLxJl 3 LoLoj <Jluu sz* 4 _ul 5 ! ^ 3 n 5 ^- uj 

£s \^Jl 3^$ «( m >Axj (* Q * A » t 3^k liuj j 4.\ uM jrLfl I 4 i.u J^vl^ jj^a-Lu 3 ^ 

^1^31 3 ^ — ^.{ 3 jL zk-o cjua3 Lu^L3A»3 3 ^ * Q ^ 3 J ^> =fc '^ LualAi Ail |J a">.i jrLfl^JI 

j* ^ i—flNL*ir3 3llA 33^-4 

^aUJI 3^111 3 ^ ^131 4_ai^i.JI 3 4jILjJI CjLa^lxll 4*Cj uuj 3Jj 3 ^^ w 11 

“ M ** 

(iSj.la 4 i-tiat3_fll 4 P \ \ \ 33 ^ «»» «W 6 b Sit 6 4^j3lJI J •3 J 

.^JLxJI (Jjk.3 J-fijiJt jl «311 a ■ iAj3» .^a.jL^ jti£. Jl ^1 j*i*w*jl 33 ^ 

3 v Jl oLkLu J^a. Benjamin Franklin <^-&3ji 3yaL3u JlI 13 

** ' ✓ 

\ 

6jLa3J1 3_C L 3^JI 33^ J-ilaJ I J-C. 3^3^ LjJI £-5j)X 



^_ya Lu J* ^ Q U J { J-C. gJjJJ JjLJl jlj yJLl y * (Il'l LoA 1 1) Sjy^ajJ^tuJI 
< j±ju Jlc. J.u^js .Columbia Pictures Ljuo^J^ *J5j^ j J^iLI ^Uli^JI 

.Playgirl Jjr^ jl Penthouse ^jx. SjMyJI ^ 


^i^JI fcSIjII 

^jA y\j£xJI ((^y (LlSl ->k 11)) pJL*JI laJlJ ^vjulaJI^ (_£jLaJI ^jill j 

(3 ‘JUll ^.c. .4 _»^jLiS1 Lx^^Jj^vC^I) ((ujI^juIh 41 ixu^ ^JLsfcJI 

J* Storrs Hall JL& y <*yy * Ji * -4 > 1 ^ 4 (j 4 jcoL^ ^ — 1 j)^ ^Jlx- ^°*> 

4jJc. j\ x 1^1 o^j^y j-o JLa yyI jjlj u .((Utility Fog k_ajliayJI j jjuLo « >\ u^» 

jr\-^u ixJyj y%ii£. ^yJjiLi I 4 jJa aa^. J yLfl.a. q j)*^ 1 > (^jJI iFoglet £j ula.yi 

1^/MJ ilLu^t Cxila^i CjUJ-» yyJ Jla-uju (y^bjLfl-o £yj^ll 4 jL^j . Q l-A l--*A^lI 

L^Alydi ■ yl> 1 ^ ^^ ^ 6 Aa .y^f£ I ^x*\ £i \I ^IfL^L jAjuj 

CjUyjyyj pjJJ pLAflll ( J^c. J) \]r \\y *^3^° i-11 Iu~>* t 4_ui nt-k II 

.^LcA aAU &yVjJJ (j-alyaJl jA&i 4jy c_fijLtsyJI JJlXJuQ *_il_j-ub C\ il-yyiJI 

aJC I -v 11 J^LUI ^jA y\j£JI c_ftjl_ti^Jl JJjlXq <_jlxuoJl <Ca.)y_i ipjLJ <_£j ^jl_) 

ii^£ jrJ-uiJ o Sj0-w J?o JJjlAj-PU JL* i -o^“^ J 

4j£.^ cJLxA Lojic.^ .L!la Q. Cj Ljj) \ 1 1 jAj 4a-ilo 

4x^-tu ^y^LaJj ^jl ujl%y <^<Lx£.^)JI 6dA 4jjJ ^yo 

M ** 

Ljj»J>ALq v_jLi^J1 <GlJ Jlo 4a nil Jl5» *JL^ L<a5»i^ . CjLlj^11 ^I^jI ^Jj^Lojuu 4jllj ^ I 

P £. 

«. Jllll ^,j)_l1I (3 Emerald til!4_!u j_o Lo ^^ ^ a *. \SM Lo^j ^1 < U»Lc. ^1 (Laic. 

t>» J 4_ulj^ o' v r x A l a ^i 2^4 

p jp, 

Jc»aj (J Ij^^q J jjA (2)1 1 a ;<«j .iJL^ d t < A iH^ 4 j4jaj ^1 2>J 1 Cj UUA^ I 

p 

l aMlAjJl jjjuLq - ti wA 11 ^jJ 2 x 3 ^Ci <4JujJaJI 6 J^j j .4 -lu^xLo 42Lu ^ I ji*^" N JaJLuraJI 

* * »• * 

Jt ^ 

^3^11 pl^jJJ (3^^ >J >fl% ^jlo ^Jlx. j 3 ^>-4jl pljYl-tiiL i<\ w<nlj^fl! <jjj 4jJO^ 

dJj (JLa * l^iufi aj ^yAJI (^ol.^fc Ai^li J^jLc t l fl^tirw)ll jjlaXq <_>1 \i*~\ 1J 

’ w» w» 

p p 

(^Lk-iil)) Ln C- L> t_fijl_lajJI JJjuLq ^jLijubJl 3 * 6 * jLxj (2 >-sAJI^ ^((1 ^ lot j&3» 4 ALj 

<(_jLtxibJI Jaj(^_^ y-umJ! ^y^fc^J^_uJl (2)Luij^U ( 2)^-*- i » y->yU.t-uj «.<_>t 

a-UlII t J . pLojuzJ I SjLLl Jajly-=^. (J*^ A. y^xuJl d\K AS (^d 15. ^ ^«U1^ . jtv-iAll (2 )LlUJi^1I^ 

a i .A \1 t_>UuubJl SLA. f^jA ylxuJ \ < _jLxjloJ I {_y^ l i7 > v 4 \ j 





Ijl d Aa~ L LU ^ \ 1 JjjCLe ( _)l \ iA 11 d \M i \ ia 11 l ia> aJ <\VC*ill j* lIjlj LJL^. a 

Mb t 4 NmF % » M. bb ^ 4 * M M W 

,<L^jllil i I Q3j) v^JjC.1 3 -o j^i 5 Lt O^J 1 Q oLj^j^3 

J-ojJI 3'° J-lU (J! JU g-U^J .. \ i a Yl 11 iLLfl lj^i.1 1 fl V\ 1 <Jl 2 wj I Cj\ i*v ejdlj 

6 Jj 4 > Jll J^fiJI |j| jC lo j\£- ^LdUjI b_ajUcijJI JJjHa t_ >1 l»^ll ;4 \Q ij) nil 11 dUi^l j ^JJQ 

.v_&Lb*jl SjjjOe SjUI 

4 jjjJI ^Luol plj <d_>^jllJI Ll^^J^j^jJI cjI^vu^! oL=* j^iLil 3 -^ <lL^_uu (JLIaj 

CjIjj) ^:.l I 3^ 3j? .di^Lfllil dj^jLlll Cj^ISJI 3' 0 Jij J^k-e j\C- J J-C 3-^ 4 »q \ 5 ~k II 
<3 d jj^ 3 33^-* ^5 .^-iljrLfl'ill ^cSl^U j-ixj j-3b. 3} L^_iLuuo ^jLU ^Sl^JI ^oxqj 

6^^ 11 J\ JL_t_> ^JjLflJtj . l?k Q UXULV 1 4 jjfc jLk. ^| cdj^-Sb^ Jjfij ifljJdl J"j) i Lq d ld~v I 
dJjJ d t-N \ 11 I ^Cv 11 .^UjJc^-O 3l_Yk ^J i*l pi * lo ^ Jl 


Jl dij-i-II J^jj j 5 **■ ! V> 3 Jj^ 3* u' 

3 I Jj^J .J^jq ^1 <4^^ijp<u 3 d_*l_C ^1 <4au<>i pi e*v ^1 <i*_jL*JI 4_fl^c ^1 dj-Lul^J dj^c 

. eLJj c.vLr> jS 6jiiJI 

d_ulf 3 oj ^^ ^ «_j^vaJ j \-^nl tfl-gi ^_c Iaj^qj Mark Vim pju j-i^iu 
^\ jrl^l S^I^j cJd^-dJl-> Joseph Michael 1 a* 33^ ij j ^^ s 3 - J^-l a v *^ v ^ 

dAiAjjl ^^^11 ( 3 *^ ^j 1 * * I ( 3^1 < djL j d v\q \ i^^uj 3^- k I -v \11 d*\ LI I 3^° 

.LqLc ^JLxJI dx. 1 j'^-^-l 6 pI^) j^a£. 3 3 * 4 j <<i *H 3L>L5 331 ^ 

irufl fl Lie Lot <JLaJI Cj-Aj-II 3 .6 yvj^ 6 J Jutli-e QI j 1, u,rv I i\», \.\ 3j>^ - 1 Ui) dil j^o^ll 3 Joj JJ 

<3jj^x*JIj ^jUJI 3^UI ji^ljl (3 Lojlt ^L<LUj iLimj'd-e jLILj 3I 

djJLju^JI Cjl^lj-flJI 3-0 II — I Hi a * j) /I 1 " % i/\^ »mJ <Lle_ 4 jjL 2 b. j(Hj 3 I Lie Lot 3 j)^ x in 

.I^jUuj)! U clij v l^xil UjjJ 3—J 1 S 3 ^ 3^1 IUjUjI LlJ^ 


dLUM^J\dJ^\ 

mm 


Barry Spacks ^^Lxo S.vw-ii c> 
((6^ulC dJLJ LJI 3 )> 


6jLx» Slj^ol^ ^Joj 

d A-v I 3^0 tfdfl tflfc 




^^0 





63 -fl-lI LoA Sjj^UI JLLI J)l J vo" Jill * J^Vill 

4 0 Kn J5I ^AljrLfl^li ^ \ iS\ i LoJUC 4 d-IU .6 J_»JjxJI 4-ilftjJJ 4^3^11 

. ^ A~V ^ II Jx jAat.n 4 Jxljll ^jjQ 

Dogbert o 3^3 j 


jrL^^J Jllll ^^flJI <3^ iSljjlJI 3A 4 SJV 1 I 4 x 1 \ ImlC ^ 1 r> ■_ J3I d3^- i J.S 
<jjlj uj!II <^j^o Ua j u\ jut Ijuido^ Ij^c. Ijj (j^jJI Gutenberg 

Joj jliJ A *1 \ mil icu j^jlJ Ij 4 u 1 jL^J| 6 J->JL^JI JLuCU^I utufij T d ''\j Q '"il l 

•» 

iCjJ Ja-jIJ dJ j J cl \Vi / .ii *^3 , 4 jumjua ]l olx^juhjJJ £-a t It J LojIj 4 ju j-oj 3J J i fl 11 

d3-*la ^A0 d-» ^3! ^JLlLU iadJI Jx AjuflijrLlI ^jl ^xLslJ J^3 mil 0I3 t >a‘i s 

jx jjj-ailj j jLlo N Jl Forrester Research jy^j .__w^ j 

dj 3 JI <JU.j cjJLaJI J ‘(>GjJI d^ piij^I dJt .Interactive Week cLj i a^ TjU| 

p 

Cxd d*3 ujq^ i*L=J — d J A5^ Jxlxd I3 Social d3 JLfl ^ 

6JX d J ^"" ^3 YY .Lslxo 1^ L^ii^p ^a. JXj 4 SLduJ 1 Jx £_S3^ l all Y A dI N ^ ^ A ^LaJ 3J jjlJ 
^Lqjl^I y\X d > p \l a\ 4 n\ Jojl \j& d^^i\> II i a %l As J I 3 < ' 1 3 * d“*^ d-iLftljrLU 

.sj-juL xq ■K-v n jx 3 > vtQ 11 

DVD 3 JII CD-ROMs q Spl^iJI d A1 ^ 14 3 

4 (j "V3II l^iSlI d-° i,5 JJL1 ^3-ll dl ^wtuai II 4 jlS jrGJ LflJ ^UlLuu I ^ 3 _t (^ 3^1 4 \\ 5 * 

dLlA 4 AiLuall 4 _JcliuJ 1 d° J vlfl.ll 3_> J-dJI J.1 3IJ d 1 i /■ ^ J \tt m jJLJI Jl 

d J ^ I J^- 2 1 (I^a-uA^ Ulij ^jilu 3J> v d II ^^sljjalj lr>S a Sc-lj-aJl 63^ I j I d-° ^3-^ 

toGlfljJI d-° J3^l JUAl c-iJxl J 1^3 Yr .63HI I I (j i.G a>.*i ^11 CjL fllaH I J[ d3 1 * 42 kl*u 1 

p p p 

n 3 j * .11 6 j 3 i 3 A t > tin i «>*4 ; &3^ J i cm 4 ul I JLk^l d^J <J-k J-jl^ulU 4 -k.b Li J-i I 30 LiJ l ^jli 

5jli jUd[ Jx LAjI d3J3-^l J xxA i3 4 -i-aiiyi J3XU JxkuuTt d^ 

^jxiLlua!^ 4j.ol> Lclj ^oyi jA< > dx j^yi ^ * 4 AAJ 3 O 4_»3mi 5 4_i Jjlj OIJ 


. Id-i'jj 1 4 »bC. > 

II 13JI dJ ^ti .u y^-uj d^^»J 13 Ly I d3-^ I (d° J3*^ I ^ 11 3-^ 131 J3 

4JA5I3J — ^^IJLfll dfi3 3I <<jxil2JI 3I 4 ^ujLo 33 d-Ajrl — il . i- L. L a. A-Q d3^ d' 

p p ^ ^ ^ 

43jllxUI IJX La ijlS >63 6 JJ3J c-^L JjlXj dl ^ l ^ 3 1 11 . 4 lal^ d 4 • a >.^ 4 jjt^^j 

.jSAj "i! JJ 5 



4 X jMA 111 4 ,1 It A I it 11 4_> 1 4 ,) dA s. \ 11 IIjrLfi'^l l ^-i>S fi * 

J-LC . ( ^^\.uJlJ1 ^ ^liJI -i Q 3* 11 ^1% t-Aji AJU 4»UlSIjJ1 4-JLc 

** 44 


* j l^.*v mi ^ q \o ^ ll (JjtiJJ j^xkllJ ‘bLLi Lmj LLq ^^ 2 ) I \jisrt l II gtmt <dJj 

44 44 

.^jlill 3 ^^Lq_*JJL^J1 (^jC. J \ 1 I J ^£w 2>1 jr^S^I I I 3 &jLllil ^j^S-fll^LU 

** 4 k *4 ** 

. * li5\ LjJ Li IaaI 3*^ 1^ Lo Lc^Jk i^j-uo CI II 11 OJ) <: m.i < ujj liLl! I £-a ^^ 

Jl isLu-sl i^JaHaJI ^juiaJI 3-o SLcj-o$ 4il!^ Ji£l (jn \ auU-I ^^2ilIj^l 

^ 4 * 

<3-oS!l II I i/~\ J .Jl^JI cxs^JI <3 3 * 'd 1 d t\l a ..t*w H oLujjLoII 

^ 44 ** W ^ 

P , L - 
Jij 3 (Jxi^k 11 ^j^jjuJI (3 dtlA 33^"* ^ liu 

3^-1 t( >Lt^aI aiju! ^bjl^ycL ^ A cl^^vTi piA2w^ll jjj Ciij-ll J 


.JL3JI 3-0 jh-VC 1 I 31 4_a^L^ <3 !33^-> 3^ 11 <3 JLusj^n -ft - ^"v 

" » “ «• 

-t*K. i*l <tiQ*J I Q [ fl ts \I Ij m'-k II j lA-i1 J^xxl titleLL xLujI 3 jj^AU 

4* ** 

e p p 

J uKftll </1 a ^ 1 jl dTiA^t. i Jlxi jjjl-lu^ jfl olj illl,x,i„vo. jl »*i ^ J a ^ A 


p p 

J-*A? u' 3I 3jj^ 6^ u^I 6j J 

.4 1 1 a"* ^ jJI 

p 

UJ -,^.7.. J U-.., J l^ J&) JUJ.I lla, j i.fttl^kXk ^LXXi 4 ,1 Mll-V H 4_ClLcL2fcJJ 3 *—fl 3 -tU 

ni^! t 3 1 t'v . _\ ^ 1 ^ iilb^xi 4 _>^~x > k 3 dj 1 nu 3 ^ \j 

31 4 _=vL^. dLl 4 > <■ a^IJ db^I» 3^. 6j !r> wn 11 a \*s ^ t *i! 3^ k0 i^Lr^-ll 

cJJLuu uJ^Lixl 6 .JjSkl^ ^^oljrLfll |\ <n"w 4 1 % fl 1 La Jj-M it ^3 4^^LijLL>a 4 Q l^ 

j dJLiu> r <-~ £A t 4 JJLAuj, Jlj 4_j 1 4 jj^k J 1 ^yxitLk 4 -jjJ 3 j)*^ i ^ 1 La-A 1 ^ <ti"w 3 

( 3 ^^ Cji^^JLl ^Lcu^J (S ^^1 ^. 40^-11 X a LajJ^ d j\ ijil 1 1 v Afl'i 11 j^-aird 1 

\o 3s>^5^- J — (j^al% i 7 »*d 1 3-^ 3-al^ 1 3*^^ 1 »(3^5^^»*il 1 3^9^L^_» 

. J-^-1^5 ^3^ 4 a mlai 3 3^-t*daxo ^J A^3 3 3^ — LlaI^jL^. 

3Lfi ^Jl a u\^.ll J!Lq 1 (] £l ^ i 4 1 as tl d !<%. i^W J {K -yNj \ 3^0 idLk. SjlejJI 3^1'UJ 

3I 3} bbA-11 3Lc. 31 Jodi Lxt^UI JIa^I uiila 1 ^ 1 jbsbLi-uLi .^Le 3^dlo 

SjLcjJI 3I 3-0 .^ (g lb-o S^jLix 31 CA^^di ^ ^ aj13 ^$1 11 J\.^-£i ^Ijl^ 1 

JLua AaJLjv 4 „\ 0„)0 -k H Sjlr-w\ll 3-o J-*-d (£Sa 31 Jfl^l 3^ L^j 4 1 ibI 

3 a .^1^1 4_iil^jjo ^1 3 c ^^\ i,A\ 3-o 3 j?< 1 4bl 

, 1 (3 X ll d J5I ^ Q 1 -h\/n ^Lul d tlA 3 j)*S I qj <<. q‘^ * Hj d 11 jl i-y~w 





LJI 






^J>)) 


4 JU 


J<L\L\ - ~fc A Cj A*> jJI ^_fllij ( ^_yd 4-uiilxo 11 j\ r* A i—fljpu 

(j\_u^> IjrLfl^! I ^uluJI 3 s 3 ^-> 3 I ^^ji.1 (2)-° tSjS-A-LI (J^-l^ji.1 33 »q\j ) i 1 1 (3^° 

liLlj 3^-1 tkl^Lak-LI o\j^aLjJI ^rVJuuil pI£^ viJI ^JX> 4_ucil j <((jr\. lA ifl 

SlSLJLI <> qA LJ1 1 JUOII pl£^iJI ^Ju^lJ Loj\r- i^\ lrT>1Ll^ jfr *AA 

C M B 

^1 (Jj)ft 144) (_^jJ 1 i^_ft_Lfl-^J1 (jjuoI^Lfl^l 1 <5^viiJI cJu^iJI <LiL^. Ixulj 4jLU13fc^ tSjjjft (JJLliLU 

tfc ^ ** ** *• ' " ** * 

S^oIjrtJfil 4 a 1 ^<o tWfl ifl^ l u2l ^ tit < - > AJ - i J ^jC. go till ^-o1jr\-fl*^J1 ilL^JuJI 

*i.i Lgaj (£* 1 j, »" v 11 \ x 11j S ^J\ a & ^.il^/Lfl^ll ■ .1 ^"rNI 

v—LI oIjJlJI SjIjI .^l^LujjLqJl pL^JvJJ j-til 1 (jjjJ 4,1 J in^ g-Sl^-LI 

.j-^1 l^)-o1 jukJKj la x naJ1^ 11 (JjLo^JI^ 

4 411 <njj& jjx. 4 a-uiAoJI oIp! Q*tVjl ^_yd j\Jk^J1 JJJtJI lifli JIj^Xjlo i 

54x.J)^7h o 3 IjrLi^JI qji\o. 11 4j itfi <—,u inYt Sift^LaJI 3 ^ 1j>dJ^| 1 ^ft c\ J-C^ 

(Jjjl gjljill 4 ajL^- 1 ift^JLc. L_ij^JLJ ^Li-U^J l_S J '-IQ i^LftJjJ I plj J^aII ^yQ 

i Qj} ^i) ^LflX- Oj^ j\f- 6<jl^ 4 * t>t \Llo^jLoa (Jl tjj) J II (2)1‘ J ^)Aju jJL^uujj 

oloj^llj 4jufly\JJ ‘ ^tUaj^ .L^j 111 d ii.it^v W (] d j-aJj 

oLi'^LxJl Jut dU>ol^H i 4 1 c j\ ^ oLlLluaJI &J-& JiLo ^ 4 u.i’tv 

^ c 

(2)^J <4-uaLaJ1 J1 Jl 2;J^^~ ^ a( jl ^-ual^JI (j- 0 ^ .4 ts\ 

J \ AuiI 4 m ft*> 6^-ft^3 (jg jJI 4_iucoija^xlI 1 11 d ^wO 1 * * ^ ^ajuo^-uj d 1 LflJ I uloJ 1 

IjrLi^ll (2)1*-i- i -l‘1 (3 oHaLaij^ CjtxujLa-o 11 ^l cj- 0 ^ .6J-A 

^Cj) i_JULll <3 4 _jucoI jrLfl^!I ctUaLuuJI gdtid Cxs ^duxt <Jiu^ t^jtJdJLJI pJljtJI (3 

.L^JaIojG <3 41 ah ^j^1 (LuIj o-l 1 (3 

l\1. V Lft 1 2 j i(jjUJAoJ1^ (^u-LoJ 1 JLuOul^ll ^1 4 dl 

O-uJI^ ‘^5^1 4-JodijALAj lLIa ^ * v^- Jj) 7** ^ 11 .^Ifc (Ji-uid - 1^11 oU^ Jtj LjUluI^ 

3 c>td1j)^JL> Ja*^Lxa>^l 1 j i^^ljrua^ll ^"\ \ nt*\ 11 Cancun ^JaLi J-c 

H M 

4 aj 1 ^-uJI 3 —* v ^“ 3 I 0 ^ 3 40 - 1 " -v a i_ia 1 d \r\-w 

.Cyberland 

^joJ. ^ a cl ui (SJ^i J^la3 ^IdoJLajL ol 

*• Ts ^ «» ’ « ^ 

^jLoJI 3 Jot mllL) ^Lala^l 4 a \ \ la j^jl j ^aJI SJa^^JI 1 v-^-11 

4a1ja £_o 4jljUu — SexbotS CjIaj) — 4 t fiiV^k 11 CjIj^J^oII ^tAJuOA-uu 

0 tf 5 

jl £A 4-^aaJI oli^LsJI Sjii Cwnj tlllL=fc^ .JaOoJI ^j-flJ 1 ^ JaJLUI ^ftall 


N^A 



.Lu*w1^ ... 


CsJub Jl J <4 jl>. j\£- ^-fi J-l J O jJI ^.Lc Js. 4 jh jL>. olJ 4-uaJ 

6UJ ii^J3 4.aJnlcJ tijj^fij tfit^Jj tifijJJLJ J_C oL^J^jJl £-fi ^VAAJLUJ IjLA jiJ 

Juublj illLufc J^Lj (jJ (_£jLaJ 1 JjJLlI ijLflJ £*°) • LA J ,/'“LiJI LfrjJv.3 \a 

1 0 o m~w ^ya Q % i m~w ^3-11 ijLuAj^l (j\-i tj^ll 4_iL$_i J < JjiJI Lq „013^jjjJ lj ^fuujJI {j\-i 

fit^J i„lJl3 ^3-11 jJJ <6 JliJla. 4ulxu^>. oLxjlCLj^ 4jjfl3 aI J a 3tuu 1 3.^ 

*» 

(S^LuU^I Lft.(_£jJ ixuAjJI jUJ 4-uljfl 
•* 

UjJ <> ik-al^l cLu^Ldl J| J5-•'•>,„ ,£j|J| ^AjJI 

t c 1 

Lo_ij > >J ^ Jl £-Jjpl Jl£ JjC. Luj-fl-j J \ ^ \ W\ MM iti L^JjjSjJI 6J-fl .4 il*vl J 

4-ojJ^jjJI olj"v Jj?k f> 4 WMlm .dxfl^ (j£i J t JC-3* ^ I jH±£t.r*. (_£ I *»fi 

iah.LLo ~*l 4_ii JJ 4 ja.La. J (3j£ 3 ^ <j3l c- 1333 m>L> .4JUJI ^IiLit Ja^kJi J-C 

Ij-liLo . 4 -JjLJ J J jJ I Jj7k fi ^jjO | 6J~ A*\ fit > iulj |V I \ Q 11 ^,.1 Ici3 / i 1*3 * J * fl I L) dLl 

.^^1jrLfil ^„\ 111 %. JSL-ili >.\\ ^jl % J^i 1 /j^v a SJJ 4 .lie Loj » v > t-N 11 dlr> iH"^. 
jJLmU Lq ^LA \ J> <7t t I 11K .a^a iS S < A -v 11 ^jL^Jl ^l^jl J* ^ ^ ^ \ A ill 

[ m j * " 

(Cxfl^JI (JjuXLj (3 ^J^V > uLia i ■_« 4 '•' t*ll lA ^J-Li 11 AjLa> - i^v a 11 t ^ll^LjiJIj 4_k 

.(Jjb^JI (Juc LuislIjLfil Lxfllj ^1 '4 i5>q«w 6J>3i! l33^!L^. (J *^ 4 Lo-fi 

— c-»^_>^_> 13 (_jI^-liI i * 11 *1 a ^jj^v 4 -■«» (^>^jfijl ( ^-»LiJI 1 a j ^ >4 ] I (3 * \ * 

«* ** ^ 

o^->^3l3JI S ^^_fi_i ^ .JULI ^ 44,i% ^Juc. ijjLaJI ^fll^JI l q_>LL^JI jjjcLo |^ii‘i% I) 

l-l£^ 3 jjlj <> f >> ^ ^La 3 jj-fl-ll J-C AikJH 

.dJI joj Lo Lla L)t^ 13| .j,Luu^l Ji^JI — L^_i-fl (j-Jb t—tCj3 ^1 L^_la cj31 


^ji ^1 


JjLa3 4»l3*jj oLijt^ .d 4 ^jj ^^13 ^1 Jjl^3 4 j jpjiu ot331^ I j <n I 

•^jdu u' 

Jacquelyn Small J^a.m Cs-^^- 


.Lq4jI ^j 4> Lfi^jl >_L,fi0 *_>^J| .^\ j3 £ 3 J\j p 

Charles A. Swinburne J jJ^Uu3 





.aj) y\W (3 t j,> I\> 3 ^ (^jLua^jl J^^jJJ LkjjJI 5JLJI 3 la..t>CL^ 3^ 

* «» 

Oscar Wilde aLIj jlixoji 

tJjt.ft.IL J o^jJI fjgji <n-\ ll UjLfilj JjJ-i. I fi() I j jLk-ij ^LLjjJa 4 -jj U. 1 ^ d "'jO 
3 4-lcIILj^I 4jJlC. Jj3 Lo^ <4jl=*^jJIj 4 \ u \\II 4j^flJl Liidal^C 3 *-> dLiA 

.4jo*jjJI > >ji •%7\lI ^l^jl (jA * \ \ 4 \~d i/n 11 i3 >a ^iiJ 4j^ 


JIaJI Olji 


l$3l Jju=Ml 3 tJ oTt * j jjC- l <nl l 3-° 4 -JL-ujIj aAj&mj 4jj^3J 4jl>- 3*^ A * (jl * q A>V\ J 

(J-C <4-a1^3JI _ 3* 4 t IS • 11 ^ | d \ \, m ~w \\ 4 jjl 5I^JI 4 u ~All 3^ l^jlr. I aS 

4juqL^ 3 aJ^L« 33 Itzhak Fried dl^l *" j*" 1 " 1 *» d ^ a 3 «3^^ 3j., ijil 

3^ u J^}Jt Jl 3 

^jn^fc r> ^ |£>J ^1 lj).fl Ij 4 jLaI^0 SIjlA ^£jJ 0 1^3-3 4 V\ aII t_jld-tuS!l 

3-la <4_jljuJ! 3 LflJ-XiA * l *3 <a 3 4 iU s\K\ 11 d*\^11 4 EJrvVd 3 ^3lajTi 4_UvQ t 3 

p p p 

b^jjl U Lo 3^-1 t4->jlj1 4 d a -v "1 11i I ij-v ft 33^4 d5 ' *^ ■ idiot OjA-LJ> 

1 aJ jC dl^-xoJI JjA-a < 4_A ISjblU 3 un^ll dljj-ll 3 J)3 ^ ^ ^ ^ ^ 

^ljljI» .Jl^aLI ^Jxjo Pj^Jj 3^ 3^ • w ~ d ul^ <1^3 wq 3 3 ^^ i^aJl >_i tnlj-Ll lS 3 v ^ 

3 tlji"ill ^j4j 13a 3^ M(dll3A^ LlA 3^313 ilolj) J-UU J"v jl Crvl^ JU^JI 1^1 

ri . 0 LoMI 

3-dl SjIx. 4^aa3o Laj^3a,j ^jJI i_3^^JcJI 3^9^ 4_aI^_ 3JI 3ljj| 3 S 5^ J 

w» 

* * * m /S 

JIdLfll .Ijj^x-O SLad Q -o jru^3c 4Jbl^_flJl 3 A J) ^LlaI^-A 6 \ UlGl^jlL ^ I\ \ 1 ^X-j j I ~k Cj^o 

dlW «^ t ^ j3 t a t*C 1 t SL^.L clq ^llaj 3 I Lq^-Ia jj^ju^jlL) 3 LLJUI 3 I 2 LA .pL5j3 
L 4 J 3 j<L> 3*^ 4jt^lil iijLJI ^LlaJI 3} isL> .^dUj 3 ^-*^ Lo-»j ^1) 

o3 JL ^-J J (>iH ^3-^11 ill JLufe j ♦ ^3x^o 4\*\ 1 ^5^3° 3^3^ 3- 0 

4 ^ 1 ( 7 ) 4 _»jJ jd.1 3 I 3 ^ .jjlj l \a^ a 3 j £3 ^l 4 Jalm\> >^.vl3\Vi 4 _a 1 ^ 3 J 1 3 I 3} dJj 

i 

4a 1*Call oU<7il^ Sjpjul^ft LiLul ^J .^^3.^1 llilSIjjl 3 lj 3- 0 4_a1^3l1I > 4 4 

*. p ^ 

^juSu 3 I jAu J .Lo A=k. 3 j^ K iAa 4x_>^3\ \ ^jlxJI j tfl^ll j J.k.,v.iii ^ 

.i un'iyW jC. L ■lluqJJ 4 i /11 1 1 L> XiiXiiS P^jlJI 

^ r M 


* * 



■ LtAlA-lj ... 


JL $1 l LagJ &J J-wxi bj\ « 4i_LiJuQ J> iQ. *yg (jjjJg < Cj Lg IjjuaJ l 

«% 

olsL^-JI d jLl 3 Jl 1 f^jja ^a 3 ^ jJtjunll iiJL iiiAg hypothalamus 

3-o 4 Q £\ 45 1V\a yi aAS^ .jl^juaJI j)U"i>. JjA ^iVtll u_£^u^g <(_£j)gg*i!l /^ajULaJl dj)l mil J 

. Ljj£ J lg mg> ^1 in gg .\ J LgJl 1 Cg*xl Lo 

id <4g jit 4 v \ as\ x 11 o IaI^JI grkiAk jl Jj^eg 4_il Jut gillill 6 JA Jjg* 

d .v^v t i jt Ltu.11 LAjI jfLJ 4 kAljrL&l 4 l in^v »_ i^LAS fl fl ^yud ^Ligl Ja SjjiJI IggjJ 

dJd .igjAjJI SjIa . ^1 1 ^“ ^gJI yL l Ja il I ^jAxj jK“ *\ LAjI \ \ \*\ a s ‘ qIASJI 6 J 4 J 
dJj (J CuC-j lj| t4 wnW 11 dgLm^LoA J| 4Al5li.ll ^jAxg 1 . a *aAS jl dietJal auI (3 Jj)*\ u» 

yM JjufiJL 4 aK fl 11 J^^JS ji Lie ^Aa ill 4 t Aulll * t£_giaJLg) 

^ t 

1 ft of. LS^aLAo 4gy*0jg Sjlclj Ja 6 jJ^ k 111 11 Jut S^>jiJI ui^-uu^ 

CiltljjJI Jy^-a Jju li Lx^fc.I Jigj3 Lc JgA fy>y m < 11^ ^jUJl JjjLlI J dJj 

<* “ 

P ^ e _ 

(^1 — Jg J-a> 4 _mu^a. lr> 1 «ii^ J IggjJ oLJLeJtJ J*cIAJI xi£JL llg ^^igj 4 k \jlsw 11 

.CjIL eJgA 

^ Jgg ji^ . 6 jl * ui JIj i4AliiJI jaLAo J| LSjfl^ (SJ>\ J J-L> 

jAgfLI1 ^.jAixug t^daJL* .IaIjJl^q L^juq ^jSS 1 lu e-LAS Loggia. L^glx.Jg-tul Jut S^JiiJl jl 

ig^lill 4g^t ya Lujuc JgJjtgj y 11 i JLaJl Cj-A^JI J Cj jAdsl ,-jxiljJl J-o 

<4 i u^iA .11 4_clj)J)Jl 4ggig ^->05 .4 iAg.3lg.ll CjI jdjllJl Jl 3 4_Aig^ys d \\\ ^ t*C 11 

. 4-lAlxj 4g JljiLa. j>Lj 1 J^Jg dgjJ Sjl > dlj ^■L^gg'^l jT-Luo JgJjLg ^JlLAojlS 

p p 

die. Jjol Lojlc .oljjAil ^0 4 ke Jl a*~ yn*jl 6p.Ltul Jl AS-vl CjJ)^ ' ^-ddlg^ 

^rl»lgll J> 1 q^ k 11^ Jx. AJLAJl Ja S^jaJLj jlJaiUGS Olds yjjuo^As^ 

j^JI Ja jl jUJI cJ^i^ il^AlAol J limbic system JjgJI ^UaJI j gL$Igd j^I 
Leg I d-^sL J^ c-1 ■ ^ c 1^ i4aLluJI J u ^ 1 4 -llucA J| LgJ 1 a Jxog Leg <^LA&g! ^Lg 

.tgij-o cAjJ fjii\ 1 fl *1^ s^Ja LoJgA L* Q Q .J^\jl dJj J 

3 

^gL*g Jlle J y^x>^ .^xjlig ^ S y£ d t \ ^ 11 4aJjJI Jgl^fl dJj 

/d 1 11 4AS1I J 4gliSJl 4-Lfl Leg 4gi^iJI jaLuuII 4-^u^Lcue ^A Jua-dl Jgi ' i^j'bLo 

^ ^ * «* ^ 

1 ^. 1 1 11 4-ua^i 3 ^ . 1 1 1 Ji^g y^ Lud.I L^s5 *(_^A-aJ 1 3 ^jlJI J 4 11 t^Lj| yy ]I J_a>I yA>y 

Jg’dJl L^gl^-e J JjufiJLg p^gjJ ji ^gJI ^4 v H CjIaIjJJI 4-AujI^j fl" ^ Ja 

<■« * 

wll 4ig^Ia dllA ds 3 ^ <3^ * " 1 —JjLgJJ 4ggig ^g^Jag J^^eg^ 

. S^j^-AJ lg ig^LAo Jj^.kfl 11 6 JA J^^g jJ^ ‘ 4ga ,k k Lvl 1 





j"uoLdl 



(3 cJjj~h\ll tj^c-Luuo 4 jl 3»^3 ^Jlc S^jlSJ! \ <uj 


y" x ^ O^ 0^1 


4»ua^jJl SLaJJ d*C 1^ 1 ij d t s i.»^ 11 \-v 11 ^JaA. i.i j j * »H _ 

w» 

^Lj^l ^ LujjLujI — Lfl.pc d a io 11 t j * fit i! 

l$jl ^j-u ^jjq 1 ^ K Ltw.i.lI d \>Lall oli^kJ 1j 

p * 

pLj-AJI ^ Ja^iJ 4_1^ (3 I ^1 jju . 4 j I fl a .11 ^ja Lx^ul^ LflLlru ^J-oxuj 

4jjJajJ1 JJ) AS\"s JJO dJj £L-QJ *—^LiJI J)X> xuJI ^jC- dol“^ A Sjjj^LLi ^yj|,AA*il 

<^L»j^1^ c, li Lilli (3 Lu J&J t^ojLiJI Jl^Ja J^LrJI ^ja 4-^-j J ( J^c- 

♦ 4^^.jJ^.i,u>j) ttflll da > w II ^ JAAj 4^^)^ (Jlaj 4^ 

f. p w w 

iCJjj J}l d t-w .JJ II j| <4 ili-xJ I d C.J ~1 \^ dmL jJcljJI t- Qj- W^,^ 

IjjjJ iii 1 g*j> \\ ^jJI d tiuj-v 11 oLiLo£. Jl^ JA.L* HidJ jiil^JJ tjl ^^ ^ *Q 

«* 

jjiJI 4_i^ji ^jIau d Aa 9 11 Luljl^fc ^g-fi £_-o j .4n a^l* 11 4-JjLilll L^-jUaLojI ^-fiJ 
I A Jt *3* v I * t^LuJ 1 r>\ i~~h» L^jL cdLu/J <4^~v^^J4^i.laL>Jlj i 4.iIfl % II Llj^jLaAj 


Ji*JI ^ S Jjill ^U^LI ^ *A* 

^*1 tail jJjj 4oii3 J*iJL dllA 

<^J-G ^ iBGM Ji_3»JI ^jC~ ijj^lll ^i-LxU^i.1 <XU^2klll Lx^h^j^jlul I 6 J.A 

c 

Ja£. 1 iuxa. J ij ^asIL J SjryLua 4^*NeuroSOIUCS 

a <n"> d6^)Lil ^iiu 4 jl^j^q <jj 4jJjLjj 4^^o BGM j .L^J Ij-i J-c 

O^Ll CM * * BGM d a ^ ~ . ■ i /% - H pLljrGaj^ll l-M LuClj o "II tpLljrLxul 4 _}Gxjujj1 

M M 

Jjj , \ "k 11 t ^ A CjL=w^O |J^.> .1^2L3fc_flJi Jjjjfc .Lg-^ulj (3 <4 aI> JjL-O ^-jl fll^a 

6j^J ^njuC. 4j*^Lj Jl 4 juLoj ^LL^-i (3 ^yll <LflJI CjLs-^o^ -I fl *jJ S^xoll LflJI 4^.^d 

•* 

^sjLiC 4 j^Lj £)\j Lq jUaj (j) L1 m CiL^^aj ijjLLo id-CLuxC. 4 jlLqLj 4JU I fl v^.l-<^l id^ijUil (J 
JlJ^j aTu oJJU .^jLaJI j\*\ ft" I^jaIjiaj dl i^iijllll (3 Sjt^J 4 _ijIaj^ 

-d^&.\^v“ ,,.L I ^o 4_3k.^o_j 4 4/nUJI ^JLi Ij)^ I L&jlS (jjjoxallL ^ o * 11 


T-T 



... 


6j*Jua 4 .> ax 113 j'lIiL LflJI ^ ^ *rJ BGM ^ jj JA. ^ % a .,ai ^3 

LojlIc ^L^Jli'blJ Sjlil J5I 4 o3^-u^ oU iICjI^ju^S^ .LflJI oLjja l qL?,i< 1 jlx ^L^Ja^LJ 
<laljla CiI^a^II ^jl 4 _£LlL=»- ^ _Jj Luh-il idLlj J| 43Lu3*JLj> ,^j2xL^ia LflJI i_flLm3^l 
J| (Lo a^JLloIL iJI LflJI £LL)I ijr^j j-J^jJ 4 ^ v-^",. ii I ^£jJ LflJI J^L. ^a 

.UJI g-Ull 

J=JLub ^LflGjI {wnfll JjLoJI jj JlI iHerbert Benson <jj.ui\j c^ jjx> .j ^ LZujZ I 

J J VsNl -v. ■» I a /m*a Jlirt J^| I yj Ls M.J * J ^ lAJI I '"t n ^ Q .HA j f all 

4ja-l^jiJ 1 4jJ^I tjilb'-ol Ojj^ JjLfljLfc ^ ^ L . \ ^ ^ J L^ J 

«« ** 

4_lLhJLujl)) jl «v_JjUfcl jjl ljjL.)) ^ja^C- _/L1 a3 ^3-11 4 pL 1 jLo/JI 4a i -> a <o*J 4 jls.jJj) wnfl II 

(laJIIaj J^Jl) C>lj^3_tujo J o^Lfli^l aL3JLlu^!I 4jLa3La>l us. A j) « J Lfl I 

.^.JiJI oLc^jjj <c)J ifl. i3 l1j ^aJl t^aJI Ja-ij-aj *(d^^j J bJ^0 j 1-j^b 

L 9 lA ^LflJkJl cLjLulA jllll J_C. 6jjU 4-J -^~ Jt Nl s. 1 4 ^ U" \ 1 1 6jl 33..U^1 J*3 >J 
4 \-w iaII jjl^flJb (jL$_^I J-gI^x ^jc. goLUl ^jJI l~xl j.s~s ^LojjI jjL) ^jIjJI ^jJI 
i^U: Ixo 1 6 ^LlLujI I ^ a t ^jJI CjIii.51.1I JJju 4 1 4^313 jljcL 6 ^ V JLqJ) J g^UUJ JlLflj^ 

M 

.J-cljJI Jl*\ Jut JJX3 L^$-JI tJJj J Loa 

4 JSLl. dh°s3 tBGM 4-Liii>l^j 4 is \ LUI iJ^allJI £~a 4jjj^J1 J CxjI^ 

1 ^ jiiflt ^yii J /njJ.L) ^^jljuJI ^-1 > j) . (J-aLj 4^LaJLco1 > BGM 1 ^jl ^Jlu 4 I 


Ji o x cT\ 40 1 IjJ 4 ^Ui^MJ jdlo Ji-«iuj .>Jli a -JJwIj ojJjl l^Jl jJ L^ 

* 

‘j *j t tA*^ 11 I^lLuiq "J Lojlr. (dl^-A J ^jJI 4 I^UJI lilLfl-iAo(J^v fiir> 

J.x\lJI.> ^J^-.all BGM jiLl^l ^jl .^aLuxljl ^oLu^l juilJ 
d Uv j “b * ^jJI £±\ oLj^ j^olj33 a I^ /ill I ^ a \ 40 ^11 jjLfl <dLjJ 4 v ts~i^ /Till LflJI 
^1 ^Lgj-ao'J I *iL!i 4_ao LjJ I I 4^^,o ^ | ^jxuJj) t ^fl-ixo^11 J-J^J L jlfl a 

.(JrGjJI jrGL J| J^juD^JJ «^j-£k.)) BGM J| ^.Aliill JJ gl 1^1*1 . Ja-^-luaJI 
j5 4jjjll ^1 ^aX-ji^ ,4. m 1 jo 4-j^^Jj ^Lc. J£^uu 4^ JxLfljJI ^_fluixu^JlI j\j juj 

^Lc. J^ilu 1 ill ^ XWxa'l ^1 jjU tl ^ kX aXj.ua. j 4 ^Q d-o JjhLa 

Jjl ^ 5 1 /iij aII ^_iAJ ^_flA u \^-1 6 Jlj J-Zk. 4 t Q X ^JLI J 6flJjlll ^ Q ^ ^■ ■ a i-1 Jaaj ^ .LUiLaJlxul 
.I4J 4 4 ilflxjl l\" \ 1 "vl 11 ii L^Ija Jclilll Jx. pIaa jlj-o3 <i,>L j O_Ll 1 j 


c 


r-r 





^1 n \^£.1 <mU .dilj (J^fl <_i* i^vll ?4a^j^ BGM gtili Jjg> 

*-o LflaJj Jjual ^jl lalaad ^\Vs i\ i ,^aJI t4 a in *11 4-LoLtoJI ^£.LjllU 4 \ ml «^a*» BGM 

M M «• 

.BGM ^jC. 4_a3laJI dlla £-jo ^a£l 4 5MI <JI ^jC. Ja jJLucua {jA ^daa l fl Ys I < J-alaJI 


t p 

i_ ijJ I 4 i Xj" 4 i lei Ij^g llnl Lq (jl ^uJ ^La J Lj j^iaJl£ 4_jcoL^ 3" 0 c->Lu2lC.I frl aIc. 

^Jaa ^joLo'^I II 3 ^ v*II LriLaJI jJLuaJI ^Jla ^ uV^a <God module 4 .L'^o jriJI 
Ja I^jI$ LoJaC 4 n »n * II 4-JSll &Ju!b (jfl <mVsI .4aljjJI oGajGJJ J'iJLa. \r\ ni\ \ 4al 
4 i uoji.1 CjG j)AII ( J'SL=k. 4.aja.r. 4aa*^j uajlaxj o ^j^alaia ^^waJG (j\aLua-o 

< _ijJ I 4 i j, ^ -v“ 4ajpJI J'iU* 4-flaiaJI 4 ,\,\ i^i * II olal^La «^^ll ^jl ^Haol^JI ^jA .4a^l_flJLl 

c4 \ ml II 4aJlc Jla. ol a <i)l^a ^ ^ U> /u II ^aGj^SJI JalJuaJI 4fl.^^Lca^ d ^ * j»JI 
^j^aJG ^ljLudII j-lC (£ji\*± <ii (^al % ijj^ll Li, 4-iaLa-o 4aLaJLuul JJ pLsJjlJI li Jjua^a 

.4_p.jjJI p^3ljLfll*ai Ca^a J^AJJ oUJ£ {jA 

£ 

^Liil J^=*j ^jj-ubJlia 4a Js ^ialll L^.^JjaaJI pLJt <j^ L>*J 

•* 

^a^UlaJ 4alrvA.ii.il^ .^aajJI ^jLoa^L) 4a£,Loa^^|l u-SaUa^JI Ji.au _*>'■»* 4aa^jJI 4a^aJlU 

^ oj,j>fln.i£l ^iiuijl <Richard Harries ^jaajU jjLiGaj Jl5 i^ajj 3 La oUal 

j^j-aa l\S !-*► di ca^l (jl^ Ijl 4.,4 alAjJJ j^a-U ^jA ^J» 4aI 4aI ml \ O^laJLo 

^^.((^jLoa^Ll ^al a i»t^ 

««i 

V-G" * ^Jl oLjLi! iLSL 4aaJ 4aauuaatJI iaal^jJ I JaJaxa * >U" ^ Lo JaC 

4_fla^jJaJI ^jaiua oLaijIaLI 6JLA ^a^Jia l ufcl Jaa aj| (3 ^1 ^ja <L^a ^ laid I lauUA 

j^aa I (_^jJI jj) 11 4aJlaJI 4i^.ji.l £- 4 jj 4aaLma^ll oGu^LclLI L^j jJ>jlLuj ^aJI 

. » p- ^ ^ 

3Li Ca^ ^- 11 3 ^vaaJI 3-° olj-LI CjLjaIi J\-i J. flaj ^ 6jdi ^a^l ^aaJI ^a IjaJa*. Nl 1 ^. 

** * p p B w 

. 1 a At.^ Luoal jjlaa 3 I ^jA jT^ Hj) 4aa^jJI 4aa^Loi.l ^J^C. laa^ji 

& 

— 0>^b iiajj^aJI ^^Loj — Gjja^j 

J-C L^aljji 3 3 j) iaa t _ J aJlj j^aGna^JI jr\*\fl"ill Jy 5 4a-iiLjJI iO^I^II^ .4aaL>^^JI 

,4_lC.Ij> L^al JAaAa uijaj .4aa>.dilja l^alj <4a£.lj L^al ^cj^a ai^uj <4a^^aJI 

p ^ « f- 

ajlJ 1 1 jlaiaJI 6 Jj4 3 G 4X-lai L^ajJ oJ^- Imjj .4a^jj ajjLao L^jjJ 3 I v- v i-xa a 


Y* £ 



» t « 




i 1 Ijp I Ij-tJ 1 4*■ ' jt *l JI i^j^A i ^jjulaJJ 4^1_ijlill 4xjUI ^ i * A 

w •• 

.tiilj LjJ cJt£ lj| JjudU I j&.£k L^jL> j-gLiAj jl j-o 

— _iLuj^ 1 jVCfiTjl ^ Jx 4 ojLflJl — Jjj-uIjlJIj} ^jUJI I Cj"^I 

<4. uAl 4 to tS's.ll SjLjJkJI Cj^-u Jl. i_jlxlll — LbjLmjl JjIII j-uluJI J % fl \ J * CM 

t 

1 ftja> i \ JL-^U — <aNLt^ 11^ *J*qIjJ1^ 


(j-a ji^sLuj clajjJa dUui CwuuJ : AlqUfcLxil Jlx lo^lj l^ol j-^L. t^> ay Llcj 


Q~ n .»!*«'<a, \ \ j)^" jl i^aj .CiLa>l~i i~i^ > jl Jl jiflJI ■ j i^Li 

uU u^< J Sjii .^J y»a~.i,i ^uaoJi ^ .iAiiLo yy^j 3! JjL^Lu 

. 5 >u£ iujU. oij Cu.nl <Ual£j jt£ dl .U 51 jl, S^aa U'U 

S^U Jl IjJ oaK~» Ja 

.^iiU ^fj^juajL (jjullil ^Kll 111 ^lc.1 Jj 

£jfll^ JLl^jI jl (g 4 liA Jx Y • > o JL^>. Jij) >\ a*\ £»a jjl\ Jj} 5 v..).u.i lj£lb <l*t <n> 

JjfcJJ J^-Ad j^J ( |J,UXA Jj^lj} dlLa.^1 C_fldl_& ^a. ^ - /£OJlLjJ jLfll 

.^l£JI Jj^-Q J-O 

Jl jlaijj .Xl^Jb _ uua. J Uji* — £-o jl ^ 

*% 

buxla jjjj ^Ul 4JoL^ jv-il *Jj|j aUH jl tSjjjuaJI ^IjL^j jjAjllII 

(jjuLui^^l Jill 4 un>lUi iJJj j .Lo Jl JLjLjlII j-aJI Au^oaj 

2^Uo^b ^aiX (Jx jjllLaj ^1 Jflic. I 

4xuiaJI t.l* uLmqI Ji^l Jx jl ^-fll^JI J 4 ifl tQ.rk.11 HLajLuuoI ^IxIjlujI <llV\ a \ 

S jUjualxA J dkl LcXX j-a^II Lo .4-uiljLfl'JI 

Jl Luix ^ iJU <5l J* 3 ,UI^ jiil jLAuaj cJiJI Ja^j iiLuiXI *4jJU Oil 

il^j Jx Sj^jlII jIa jHul Jl ^li£Loj ^Ifrl .cijJl Jljla ( j^nll l.*uAx> ^jxixli 

«• ♦♦ 

!JLlb^l AjIx >j jJt 1,1 fl Umj *JLac 

«• 

Jx t 4 iHU LoLaU JoLii ^aii. JcLflli ^^Iujla Jl ^vxljLfl'ill ^JljJI Lojic 

Mt «t ^ 

S t ua. JLlcAjI ^I i^.i\^ \ I ^ Jli \lc 




j^LaJI yt&y i 


A 

*♦4 ^ . i 


pLulo dlifl ^jl jrlil 

?tJJj i_ajs^!lJ1 IjLL lijpi-ll 

.jUJxS tlliiiA 

♦ 4-%,'x A.i.,-0 i*ll \\foJ 3j^-j ^1 i—i-Tk. > tplfl ^1 ^jlxjj Lol£ *Xi£llJL 

Jjlxj <ul jJ Lo£ jjjlj «uijJI j-5j-o»-J 3iuoj jli ill £tiiu i yc. ^L£JI jlc. 

.4iu» i>i i?^?aji 

^Ljjol (3 lIjJa-j La IViiHi tdl-LA JjI <£i- 4^I^J1 (_j-o .t-t 1 ^ ill 3-° y^-ll «—uLaJl liA 3 J-ILil ijJ 
jl^-^Ji"Nl t4 m/i* II 4 -lLojlJ! 4 » i vlo OjI£ L»lj .4xxj^ 4 _>jj^j ^ ^ jJ 3->iJI ^jjwLjJ t 

<iq y li3 5 j 1 _cJ - - 3 4jl^.^jJI ^UJjJI Jj_»j_xj I cJi UTv ,J 3 33 ^ A “* ^ ^ fl 0 j? I $ ilc- 

.j->, vjwII ^ wi'jpw -1 1 41 ^> \a ij 3 

QI 3 .ip^j ojiaJ a! 5^1 cr ^ 1 cLh^Sli o^i 

«* 

^xll S^-tiuJIj SjUxaJL 4 a tJiUj t^olunit 4 jL»^Jo (jjaii-u J-o4u W-S 3 -UJ L^jl jr\jftl 

«* ♦* 

Cj^)S(I oifc jj)Ct ui Jjfe 3 ^ .OjLxill dJjfe j£ 1 rOjifc LJLi. ^jjuLJI I fl < nj 

* % ^ 1 

SJIa 3 I ^Lc 3 ill Lo SojJI J 3-^3 jxLulo o t4xoLuno ULx 


jLLui {jjuJLi 3 ^ 3 j -T^ i “*JI s 3 (^jLaJI 33 *^ o^l (j^L4nr>t JJ *_z3 J\jt 

** M «* ^ 

3 ^ 3 ^^ 3 j)*^ ^ * iM *4c-jLujiLI oljjLstJl I * -^r^JI l a ^^Laj 3^1 <—>^L^.jJI 

** 

Lo 3^ AjIxj 3 c 33 ^J ^ L^ La jjc JoK ^lilfll (J^C- 3>1^ ^_S^xuji . ( ^- UJ J' 3^^ 

f. * 5 

4-jj)rk jJI (JjlaJIj 4-fl_ijt-Ls 4 _jI 3LxA O 4ii.i. 1 (Lfi-iLuu Cxifl Lo^ S I.Q.-v <L> 3^^* (_^ill 

iaLajl 4 lrb^.*bLa l\\< aj t^-lcl .4 -lcJjlII 4-5_i^JaJLi (JiSlI JlC. 4_>j) \ i*\ 4-ulill 

4 tC-j-) .A 4 In-v^^La J^y^-a 3-13 3^ \ w\ a II J-jJi-xuILI I jljj 

* 

.xbUI jjxx l^ac &i& ilixux 

* M 

3 -o 4 j>li i I Lj .La^W. l^iLxj 3 I 3 jJIj 4 a jjalflJI 3-° 3° '•— i Lia 

.4juJjlJI LI <Aq II *_o 1 Q fl**M 3 I I ^ - * * ‘^11 

•ft «• [ 4 * ^ * ft 


CiLi^jjjJI di^J LoLoj 5 jjj%xo CuJ yil p^aIi 3^/lj >Lxxaa^ oJUUI 3 dJj jjaj 

j-o JjLa JAJ Jl Ioj ‘-S>*U (^ill O^tjJI 

♦♦ •• 

.Lxbju iAh Jil 3 33I4JXUJ (lio 33-6-Lixuj Lojic . O343J 111 I CiLi^jjj 

... jixj oLiix-aj 3 l Llx*).^ Ij| 3SJ .JjJ^iJLli^ 


T*1 



^l.tiirw... 

Olxx-ojrJI oLtJUjjifl j-o JilfiH ^jJ JjloJL .(Jjl JjjLuuJI Jxo <df£QJL <fijl 

.OuLflJI ^3 j-fi-ll JjLuu-a JJJU I 0 <nfli u9ufcl.uVi ^jJI 

\ a 1 I A^oIJl3JLluI (3 {JajOJlJ j^^jl jiucl cJj Lq 

Ijj^ ( j£r IrkQ ft ^ IjU «^j^I 5j-oj .LoLoj jLoJoj ^) 4\^J iljjfc olfi cLf t^fijXl 

J^Iu 

JLjls * <<> p 1 U >* li 4^Lozxll dJj 33® iiLic (LIxll^ 

j\j&Ss * jjjjJI ^jlJo^fu-JI ^y2u^yz> 9! ti-i ^Lll ljL=fc^j1 J_C * g-'Xc ^I^LaJLuuLi 

,4jjjojJI 4 j-x£jI 3^-a* ^iJ 1 OjJjjL-li CjLj^j-c JjIaJL 4_»jJ ^lia^-uJI 

^ %* 

dh-J jlo ^1 AJlflSlI ^ t a><L<JJ j%iJI <> jrOiJI dllA ji djal 

.iilizJI 4-lujj^JI Jxo «jj^l ** K 2 ^*~ *t£j^ oLnSl J^Li. 3- 0 *Jj.ux^JI Ucul 

d^uicix^JI 4^ Lnl aXjLojO i&Jk* A *< *4 tti-v II 4-oj dL>L» ■ *»• »■* LjI 

D> 

£t»aLj^j 3 5 j^ I q i *a\c. ^lJ| 4 t-vs\n 3* 3^^ 4 >, \ 1 ^ u 

.Lulj 1*C~~ oljJj-o 4 4_>^ 4 k\flllJ Lilc CjLuIjJ J(| * ^ 

^*bLuj (jLfl i 4,‘ii a jl 4 jl^. 46jLo 4 j| 3*iLk. 3^° ^jlSLlu <L»jjLj 4xu.Aifl> ^'XxuJ IxyLu j) 

^jl i* fl ol .4_j^iuJI 4_fi! Jj&l iaS 0 L«u^ ^4 i~w. SjLq ^jjsi 1 ^1 4-il^JI 4 . v\^ M 

4_yj A5L-kTill 'il 3LaIi^.l 3^® ill^JI 3j i j\£, <JJj 

' «k “ 

. J_ULJ _\-- JI jJrk-vll ^ ar t .A 4 
.<t.ii.k.lI LuL^jl 3 JLlXII ^v^oJiJI L^j| — 4-i \ ^ 11 4_<ju II l ac j\ ^| l\ vIf- % 1 A^J 

^uiaJLuuj tJLaJI o-fljJI 3 LujJ ^jJI j jj^ll CiLaJLsco 3 qLxaI ula L^J ^ 

«* 

«» f. 

(J ^ A a .,1 4j Ljl£ jy& LflX- dJ LlA ij- i 4 \\ i-k 11 4_uj j\^ 1 Li 4ju o (jr\J jjalj^I 1 1l^j 1 ^£-uA I 

.4X.jt\jUJ J AJJ A* s ^J)Lv vll 4 jQjL 5^| ' Ajl l-\ 11 11 Sdcl 9 6Jj<J-3k. o l-Zfc'Xc dJLljftiJ L J Jtt J J^V 1 1 

JjuO La^-o Ladiu Lljlj pLqJjlII ^ a *Q iilllA 

, 4 v \ \ "v 1 1 4_uj 11 oLa.'Xc. jXwixjuLi (, uLuaJlIj ^IJo^vuJI 

S4jJLksJI & nuUfl II d^Lutl I hn fi ll ^q^Jlxu OU^ 3^! 

1 

.^LJLl 3 \\ in JjC. *CjLau^ Jufl-Ll SjLuixo _/\Ji l.OX — 4-iV v.-v. 1 1 4-uJtlxg_n 3-a 

SiL jjLUI 4aug\^|| 4 > 1 mlj 


.4jjjLlJl 4 / 11 . v\^ II tP-(^juJI jufl'i 


T ‘ V 





LJi 






JaiLs idaJLuaJI jsr\\\\ <jl ^xajf 

.Sjjj-JllIIj ^LxJLxaJI Cj^j^jLUI oLj^j^j jjlaIjuj 

Jjju Js*. & j\ * 4uu^L>> <.y i i^clII I u * ir \II uS^ * 1 1,1 

•U+iJJ u^f ^ 

SdJj£ q *.uJI ml^j 


i 


r-A 






liJI JjuaaJI 




CilIjJj) n It Ci Q9jJ (5*111 

^3 S-ujLi. jaSAlI jjfr-l'VvH 43 G Lqj^ 1 ^ I K /7. 1 JSj AjL aj) 1 a 11 \ fl^p 

An Wang gClj 


< Jj a 11^ <4 \ * mUII 4 ^»1 \ nttl *cA. a* 1 -w*^I * ~' 11.\ 1 <ic^j 1 

^Lkll j* me * I SJlL 4_isl^ n K 4_i^_fl *a>|^a 1 |> *** t ^ K 

* 

AA=C Lfl_=v AjA- 3* P^JLi ^ 431 J AJU «\< 11 4 1 jJj3-IL> J) .SLlLaJJ 


*^j — jLujj^U 5 AjA ~t+ fl ^) 4j^.La^ *^j — ^jxLA_3jJt 

fJUJI .jJLJl ^ jiu^l ^JUJl J1 Ja^JJ 

.LaLoj AaJI Jjlj 13 jJ 1 4 a nn ll-i 


George Gilder jaU. 


^2 _uj cLl 3 *^J AS < (^aJlJ I ^>C N \ "V * *3 CxflSAS Cj 3 £j 1 ^ 3 v \^vvl I ^ | 

p " « 

uG 0 i/rJI Jlc A^r-k 11 <3 jkfc.13 A^ 5^3 p-LqJjlJI 1 S*^1 4..3>.<3l> AS .^GJI 1 

isle| JjAaC AS ^ CjLsLGj ^J-C. CiGLuJl ^ja ^^jLG j)-G^ 1 ^d XLLi J 1 f^jA 4 c_^ tWL I 

.jkJI ^/v3j La dil3jk ^^yux! .jJLoe^JI jLfl3 jA« il 





iLJI ; 






iJ-AJtJI {JC. CjI^Pj) \\ II j)J . LoJlLxa ^q^JI Cxsf*' iJLU ^ ^ ^ ^ ^lx 

«a M ^ f. ^ ^ 

j^J ^ 3 .4^L*£JI iSLLdi £-ij>^l /ii a > da i I .4jlslx> —'j )(3 1 a' 

3 J£ j-dLtuu da £-51^11 ^ -s v a t (4-la. fl*i ^jJ Lo 4 -ajLjj^^C 11 iiLLJI Cj j a\ **j 1 

3 U dJdl <4 ,q j oL^JLxjo L^_kfl c.u.\a cjIj JiuJI JjLlu^ ^Irm.A .^i *^v^l1 

d It A 3^ .ljL>. 4 a t. VQ ll dlt dfl Jx. yV^AJU ^jJ 1 SjLLSfc^JI CjIjLxuJI 

,^J-ojlj cjl^iLLi ^ 1 t( jUjl IjLks ^1 1 4 \ \ s \i*l^ jii ^ 1 i (JIjLjuo l_j ^I 4 CjLl^Lu ^1 Lxj^Aj 

ft* 

p 

‘(J^Ls Cj^IIj ‘^djj 4L_ijljA JLuajI dllA da 

ft* 

. J aJl II £jC. \ K t_Lflj)Vi4<» 4 4_l 1 lx CjLoj) 1 * o 4.^ i,uij 4 ^ji^jr^J[ 4 JI pI,Aj 

p P 

dJIj^ol au jjJcu-cuj ^ da .CjJ jl Ijl t*l\^ a 4 .(3.tj-^l t*K 4 2u JLx <J_usxxj 3 ^ 

lj|^ .Jsixa (J^Liul I Jx <jq^5v,.a>>.l 1 ^ (JLaP^I Jl^ft. A JjLjdliJ . l*,K Ij 3 "^ 

. jj jdu pile (3 £<cu 4<jj1joj) 1 il 3 * ollLJI 

cjLlLap > 3 1 (Jja^ll J-c 4 (Y * * • ^lx 4 K, mfij \ 2K ^jlx 5^ L»i^^ dllA 

•* 

oltSl \ 2K J^ 5 -=^ t_fijLLlI .T * * • ^.LaJI ^j-o lluljruil ^Ij^ 3-^*1 3 ^ 0 ! »> j3^t ia^II 

Lg-o 4 J^fl 0 dr^L^s-S^ |v J,l>jm.u ^jjLllI CjL^Lu J^La. ol^> O i~* ^>1^1 ^1 Jfir. aIa 

^ c- p 

^!j Hu I H1^ «i^Ti 4^?) » jxLaJI ^tA-uO-V Lq JjX JLjuu ^J^xlU klLLm.> Il^/J 1 & JA [J A 4 

(JLa-o 4-L^lx 4 <t"*C 5 jlx£ \ 2K <3^3^^ .SJ JLaJsl 4 t .>%a It 6 i1a * *^l (j- 0 


4 Xj^Jo 4 jIj 1 a\x\ is\\ 6 jlxl^ \a jAq\ ixjlJ gllaJi ^Illl 4 . a > Jfl 11 JLaX^I 

i^a.j ^ .(^liUI (> .ry^Jlj) o^u dlla .C*i^ 

ft* 

\lfl \x> ^T>..rk_i ^ 1)1 4^1 iJh\ 11 4 _j jLuouJ)'^ I JSLliJlI \ 2 K c—tu-uuj ^ 

SjLa-JIj 4 >^i 3 4 _»^j-xJI Cy^ LlLcjuI 4L0LX 3^° <3 

jryiJ] UJJ .Llll^jWlJ ^Lrnll JjJLililll JLx ULcG 3jJL^x^I 3! Jl 

CjijuI ■" 1 v ^ * 4 «^luL 5 JI» 3^- SjJaxuj LJ (JIjj 4 jxj 1 aJ ^^juLlII 3- 0 

SjJsxi-LuJI 1^ t jJ ^jJI ^Cb CjI^jH 3^® "4 q ifl^ II 3j . 4 ^lu^Hx ^>a^l CxxxuCjI Ijl^ 

ft* ft* 

.(ijj^jJI 6d4-» l^u^Jaxai 3^5^ l ^3 CyiJ^ C*± Jl * lL - J-P 

3 ,^ 144 > \^^^ j"*-*' 3 — 3I , «^u45jjJI 3 I Ij_A ^ (3° J^ Q ^^ dI* 1 a^ 

jL&AcdJ 4 _x 1 jLL )3 *^l 4 juO 6jLa^ 4 , \ 1 4 5 V^l \ d 1 ^ /-ljjj jLale^Lj 6^JkX> OIjU J) ' 1 

4^sjujJI 3 3C- 4 -i i . jAluii 3J J1J flj*j 1 4^^ /ii 3^J .jAtJiiwn ^4 1 rsl*\ J\£- l^Ul jiX-j ^) l^ilc 


pLq-uo 5jLo ^j 1 \lr- jiVt wn 3 J dll |iA />4 4 \^**4 CjLlL&x ile jjxj ^xJ 

«* S w r* 

,Lurul jluij^ll 4Jj)^ ni 3Jj .3^1 3-° Sue 


r\r 





Sj*us>L*ll CjIjYj iIt plS> j jJjj tSjJ^aJkl o a'I ic-j^uj ajIJj-U jjaII j 

* .. 1 L>j .4_uubj 3 ®*-^ 4_fl_Xjub jJJallxu 4_JLaJI 3 ^ 3 *ftLGj*^Ll lY-flYl 

4fl ttAll CjLfiLUll! ^^La* 3 J)-i>V> 1 a jjc. ijo^Ju 3*^ q\ iLc. 3,^-J 

>^o^lrk tii 11 3 Jt 6 S±X-i ^^>ol 3 l3?*^ c ' ^JJ>4 <nl^ <3-* < uJ 4_3 lu *}| Loxfl^ .LxjJ 

cjI^s^c ^i^Lol 3 \V\ja>. 11 3^ q 3 c ' 31 4- c -^r ,jUJ 3 ®V*’* Cj 1 ^ 3 jj^ 11 

^jJ <(jJ^al3lH 4-j !-$--* 3 L>-*3^ Cj 1>>J) * >^ 11 4 a iln» II 4 vlo a H ic.1jJI 3^ 4_13jLi 

.4X-J L 4 b a! < < A i 3^" S>L^ 3^ ^ vg - ^ <3JjJ <1 \ £\ J-^*lIj (Jj^» JlCLC 


icjJLI 4JSII 


tiLui 31 a*\ 3 1 4 \*\ i \ 1^.>11 6^L$ll i^.>, \i ijbXo^) 3 juo (3°3 3 

c.1 i.u’vl jJjhfl-mJ Lg_JI ^1 a \ iti^jl 3^-o-J s i^-uj /nl1 3U^I 3^-® *■ 4_i.fi 

3J)3 ^ 1 31 o i Cj 1 ilm 6 ^-uliC <,_4l < V < k ij) 1 61 i> VJ^- 1 O'^ *“" 

^jJI j-v. AAjJ 1 I .Va 4 Jj 3 w j 1 I ^US ^1 <_4~v. * ^1 - 4 \C i~ 1 Ajy 3^ I 

w 

Jl JJ j <£JjJ *^1 *!*Uuj U\w a. (>o 4jifc Jj. 

^ «* 

9 l. dill 3,li jrLC 4jil 3 J Q ">x \ 3^-1 4 iAi>[ 4 II Jj J_u 

Claude Debussy j^K 


* 6 L^ ^ >«91 fl * Cj 3 4J^M JoUlll 3 <-^^ ! 0^1 ^uo ^^LsuLII 

^A^rw^lt 3° J-ujLu» 3L^o JlC Sjilj ^*kfl i*t Jufl 
j^Llt ^Aajl-LOa.> $3 wla lie. 30 ^tjuuaj Cj^lSll ^)l ^J-u 

d 9 %U>.n 3^3 ^ 3^^ 4J^1 J 4.«iLflj 3^ 3*^1 »- Q-1 La!a ^I 4-lcLilli 4^Jt 

«• M 

. 3 1 A. d.1.1 4 j.4>uj3 I Cj L^_^^aJJ Cj La* Ijrufl L> 4 jJjl^q L^-k^J 

Vladimir Ussachevsky ^mOniLcu! >aj^Li 


pLui^l 3^ ^.Yju^ 4 11c ^k.^...* 4jil ill 3 S >^ J La (j flA. a> 

& (■ _ 

J^LLq 3^4 4Jklj ^^as-C . 4 tgj « ^ jjjlo — ^ * If- 3 ^^ 4_tjj)_LJ L) 

u^jruf'nY.t 3^ (j? 4 ^ /7J1 3^^ lj-& 4 1 1c 33 ^-* 3^ 3^ 10J LgLgj 

4 * 

6 *liS)) <3135 4 ,iirv 4JiA^-Q 3 * 4lLa*^3 4_Lfil^c3^® 4 Li t 1 4jlo 


YU 



j^LJI 3 ^ 


LfcJJ. >Lu «• l5 S^j3 4_Jc ^yb Lac y-*J 8j^«o tilt ‘^yfc 

•* M W 

«SdxU<n^j o <<u,Jl j^J-c ^>JLol L$J» 

Gregory Batson 


LoSj .5 jIa^ iL». jj» j <g! icybernetic artist ^jliill j^ac. Lj a 5J 

’ H 

Jjlj dCJjll lA \ U 6 A& dJ_*_ftj ( b £‘AJI Lo Ia»I i_fly*_s ^1 t j-uloJ) £_a <JLaJI j)Xb 

p. ^ ^ p 

3 t£>=* j' L$la 3' ojaj 33I idJj 

• duclAj^l 5 j JflJI 3 j-^ 1 Aft> 1 d L^l jLiuJ Jjlj I4J ^itjJ^g 

^ 1 i j5Lui 11 jj I i 1 « 1 ^ > q LJ Lc dJjfc ao 4J Lo L ^ 1 a 111 5 . v ^ S^s u I 

jIaIj Lo ^\ t 1L SJWLc dJ 3j>ua i Iff Q * . Aj . d Af_l \~11 d \ 5 1 / i w ) l | 0)30^1 
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Si 
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JU. 4jJf- t <n La (Jj)C jL-JLO^jJI 3 ** dlLiib ^_j-u_J dK. v.7,^11 4 \Q 1*^1 3 j3oJ1 £_a 

JcC A \ ^UivnLI L-LjjLj ^u-J 4 j£J <Jj^Ls futurism 411 %51 mall .Jj- 3-LI 
4jLilfl l$J 4jl ifl" /.ill > CjI^aHJI (J^Liui 

.dl Jjfrftj 5 jl tHutl 4ujl^a| (J-C. OA^Jt ^>-Li JJ .4jxljJI CjljjaJ^I j-a 4 _»LculL!I 

^i.ILu ^jl LaaIc La_>j^ .olj/rJL ^1 tilIjrLj LajI (3 ^J^jjuII ^JILoIIa La_ij 
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JLc GjLacI ^La-i ^ ^j-a yuSJI ^-fijL^JL!)) 

«. (J l is\ \ I 4 L i 11 ^ 

^ AV”\ .Western Union ^>*-11 oLd^l jJda 


«.4 Y\ a a ^X. Jj-a *^Lai I S^SUa Cj^IL) 

> A<\ o <Lord Kelvin <^AK o 


Lg_oL!uj^l ^S ^JjlII 3 d 11 d \ /.11 /1I s )}\ ^jLo^JI^ ^^I^JLII <_j lr.1 » 

^1 ifllaxl^ (JLall^l 3j. ^-tulj (J*^ ni ^ 4_jujujuJp} ‘ L^ -l ojv 
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((.4jl»^jj>. 4jojJ iCil^dUai! <_)u_J)) 

N \ \ Y .Marshal Foch JUujLa 


M ~ f’ f- 

ii.CiljjJ i i oS ^ ■" I LaJj Ui^-lu (jl 

UJT .Thomas Watson ^ a.nial j u^Lajj j 

1 i •• ^ 
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(( ♦ O I J) \ 4J1 (JJJUX3* (J V iL^ Lo Jl^. 

N <\ i \ ijohn von Neumann oLajjj aji 


((.^JjLjlo Jj^.\. yx\ ijji-i Jpl <—V > fi> dlljkA <_>xuJ » 

\ WV iKen Olson j\ 


((. ^y\ -L iii Lil^ <jl *>J {ja CjjLj t aJ 1 *\ £ • » 
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43»a Ji^l J^LuJI U\ ;~- U 3 Bill Jj-i *-a 4Ja*lx 4j 3^ (^£3^11 jl 3^ ‘Sj-o 

*r* **■ “* *■- •* '*"' 
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l^-lL ^Lil 3} Jj~^ v ^ 3 ^L=w 3 -I 1 ^ cj^I 3 LJU. L^-oIj^j-luI 
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1^0 j*A^A 6^5 LfljJa)) dlij ^Jj)*\.~> e-fl^-tu .L^_l_fi tx~i 1 l ^ji-cu ^ 4 a-ll>Ia-lu ^~ ~ 

Sjlaj <<i„ll ^yC. oLkLJI J^JU » fi^tuj ((.Ia, \ \ 1Q 1 CjLkLaJI 1x^)Jjk^A 0-1L^ ^aJ I g, ^n ill cdl 
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. '"iaJav" jjj o L&J) 1 * 11 ^X 4-iJj) A ni 11 S^JaA-LoJ I U ^^L> . ig.llc 
LojLojI l g liloa j ^3 ^ *\ *\ ^ ^ju In it\L\ (3 ti^iu Juus •wj'^LfiU^II 4 J^La-o ' t\ aa. ^\ 11 
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O'JL-saJI pl^A^I^ <^a^/\^J^!I ({jju^UJI Cj^ I^ p 4 aJ)K 11 c-flul^J-ILi 
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^jLi J^j> ch° < ^> =k Ixo ^ ^aJ jl A l 5 1 *^1 4 jLjaI^ 
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.LfluLoj ^liiij^-uuJI jUJ^I (3 4^qj)5C.?v11 


pIj^. 1 tux jx, oLa^ixil g-ojliiJ I^jS) J-t uj^j cj^ : 

.4aaj>_4i^ 4aj ij_ua 

<.4ajjhQ^5 4aa^jus pIjhA.I Sjlc oLoj)Ull 4 ^a./m jJx JjaIa^JI ^aj^uj '■v. ^ L \ 11 

.4*^ liiJI Jx Ijx 1 (g.1^ At (3 la 5$ Jawj^a 


.jsa\c, jLio ^ % <V • * * ^lx 

.1 \~* i/*i oufi^jJI ^Mt 


jijalao ^J! 4 ajI jJ! SjLxJI qIjIa <n) ((^a l j-a-juuJI J^aLluJI)) 4 t\5" j^jSI j^TiTi i Qj "■ ‘Jjjj 

^t-ijua.) t_fl^LXj ci ^jJLlI 3 Jl5l»JI 4aL^_i £-a ( Jjz. 4j^sL>. qLujI »n>. 

^jLJI £y> (J^l Jfl < II 4 _lujuojjJI 4ajj^-uJI Jx O*^) I ^ua^ aII 

p- % ^ -. « 

i^nj 1^. J l| 6jLxJI 4ajIj CjI^La-ujJI 4j^^j Cuj a-v H 
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t 3 Interstate 15 N ® o u <n j^_j| (3 4 ^~wLi 4 _t_m ^(^JLIa o 5 l ^^ .^^>.1 
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jxliflll S jv4 _aJ oljj.fl.xi> CSR j^>L5Dl ^JlC j^LuA\ y fljJLjJl jflJri > v_Oj_uj • J^v\3 

. 31 ,11 jjiLll jxi jua^l J Q. x 11 4_il J_j 3 4 \ \» <o 

jo la ^jUrv’J 6j-u5v. 11 oljjill jj CSR ^Whoops j-^Jsu (^jJI 

%• 

oljjidl jj CSR ^jL^Ji (JS<7t.t j^,Jr> < \ *\*\ A 4 _»Ijjj \ *\ *\ V j_^.ljl 3j j.^_> <3 

\ > L~x5CJ 1 IJj2> O J_2k. Lo (Ji^o) 4-3jv5dl P^Lo^l J-> J^-*> jjJ-> j 5jvASJl 

Jlo Sjx^-lj 4 a 1 > iIiiauJ ^ 1 SA 7 4 ^%j\Jl 4 ->j 1 Ini 1 O^JjxJl ol i\fl 711 • ^ \\"\ 

Jlc Jxjjtll jaX. — (<UjLWI Jlo (_^j^l 4 x 1 \ vlLilc Jj ->J dL (Jju^aII jJjLXLxiXJ J ^ d I j 1 1 -v 1 
J-t Jjlillj ib ‘Cw Ojju^> j\^-o J-C ljjjJj ^1 ^lla.> ^ ) Oji^ill j\^jO 

J^wj_> — ^KJI > t iS j3j tdjtlll 4 a%jj t juJ% 11 4 JlJ oljjiLo jxi 6>j\ ilS 4-lclS ^JlC 

. jjjvuAJl jjUl jjO jti&l J 0 31 11 j^ljl 3 ^1 1A\11 I j-A 3 4j-fll^ 6Jj)^k > jjJj (J^ 

jjf^l oLxil 4-i.xn\lL) pi j’bl 1 3 4jj>^0^ oCjILuixij 4 a~*.j3 t—fl3ljJk» £j8j 33 jl 

«. jjjvimJIj ^jUJl jjjLlI jx> Jj^l Jfl x 11 3 lj^-^ jSSlI (J^ IjCi^ol 

M •• 


4 a q U oIj^J! ju :C/il^l a-o 

^ * 

.jldj^l ^ JjxiC. ^j5 jjLu ( JlX. LiL»-u^o *bLoC Cxfl j£j ^j-uail 4.A Jfl <0 ^JlC. Oj^i 
BCSS jj-ujjvxi jojlj- 3 LfluLuj 1 ^-jjjo 1 (jux CiS^ Ujl .^1 jl ^-30 4-1 j-uj1 OpL^. ^3 


j-iAsJI 4 Henry Morgan 3 U.jj-o isji* ^LclV^H ^-vlll jU .Myerson 

L^lfljC. ^3Jl 4 aKq II (J-Q^- <((JVU (^jJ)> 4 JLI 2 JI 6Ob 3 JJ)^ 

•% •* * «* 

^UJI jqjLfl-j 3 jjcjj aj> j 6jjj-L^Li oa5 j3j aU ...1 j 1 L^.fl.Jl3 ^3 


^jujljil j»c |jJaJ1 3 jdj^-T J-0 ^jju^jJI oLU jl 


|xlj-aJLujL> 4 -LLfl.ll 4 _»j 3 l 3 JI ^jjujljll t >l i.il> ^pSLlj ^La£. Ojjl <4 vK 11 3 

O-flj jxi 4x. Luj N • • • j-flj 3 jl llilc . 43 -i 3 ^ j 3 j ixa*\ guoljjj 1 


yvy 























(Jj) il/a <UjU ii^j-a ^vI/aj j>/7i?iLmLo 3 , \ irv^Jl ^j>uK II Jx jLx-kJ! 

•_Si'^liLlI oLK.ll LjjJ oLj).LlI 3 T ^** 1 * ^ ^ flui L ^xj <cuL 

IjjL v-jL-uj 3 ^ oLlkkll 3 * ,/ajKJI llJLlj .ofijJl <3 SjSIjJI 3 3 ^ s >^ 3 

uuL 3'° * j^-oSlI pLIjI 3-° ilfljj .Lia^jali^J Iff .-a.jrLfll ^lll pLiK 1L 3 ^ o~ 1A 

m 

Lj^j Jji ojL dit.jjlijl^j 4 urii^Lll 3 Lja ^q*> uwm 3 .w^Lc. II 3 L * jjJ\ 
J 1 4*^11 6 JX Ul>j .^LJI Sip. Jx yGDI Jx ol^pj) 1 wK II SjjJfl £_o j 
<d 3 <Harcourt Brace & World Jjjjj ojjSjU> 

•(£>*■1 Ji Ov iL u lj 

i ic.j).ikl 1 v— j.\jLA~\ jx. SjjliJl 0 I 3 ^i va*C 11 g-ol^j cuL < \ ^ V £ 3 
(J-oLxjJI < Jx. jL5 OCR iAi<LH o>j^Lul t Jx. ^bj^jurill 3j* ill c_tuL v _ s^jcj ^jJI 

H ' « 

oUalo» Q/J» <4)1 «4drfVy»i i v*\ll iiLKJl ^jJLul ^Jjd l^Q Q ^AX^j jl ^£_x> 

Jx ^_ijjLjJl 4 jK/m OCR Jjl j->j^JrkAI ^LxJI dJj 3 «J-»^3-/^ 3*j) 

p p 

pL ^3 .^LJl dLlj 3 jju 63 LJI 3 Li~wa.> L ^x^ «4 xLL ^j^LujI ^1 

14_K311 3 * J )\* A< ^ 11 pi vrkOjj 3-° ,/vjKJI Jloj S4j ^t,Lnt ^jJl L < jiiLa. Jl^-tuJl 

.4K uun 1 3 ili^^11 *k*. 3 ^ 

4ilx^ll 3 I J £^£»j i^ljrUa 4k.j 3 ^yxl ukj j|>^> v Omk o' 

.iijLJI 4 x^jlL 1I jl^il SpIj3 3 ^ 63^X Ciik 4XiX.rk.ll 6J i^^Jl 

m 

P P 

3* lK 3 4j.flA.flA 4iIxl 4->l 4 ilx ^a/u t ^j^a-Jl 63^x. 3 I £t_uol^J1 3 c 3 !^ 

31 dn** 1 iK aj — Iflx ijiv.^k 1*1 LK 4K<nl 1 ui^j 3J3J .j3-uJIj JLaj^II 

• % 

iilx^ll 6JX Jx ulilll OCR Llvifl.ll ill) ((4xl 1 Irk 11 v_fl 3 ^*- 

3 j 3 !^° 3 S^Lliil oL^ujIII LujJ 3 ^ .^cjlII ilL*. 3 4 uj<Lu*jl 

< 3 ^bljJl ofl^JI 3 L>J ^^lll a^IKJI Jx ^yxill <—1 >^3 & 3 $ 7*1 j! ulSj^!l ^j/i-v 

«* * ^ 

3-i l‘nf!% ^ ^ Vo 4 jL^j .1 uT\ il ol iifl.ilI 6 jx j^,*iai 31 1 1 ilx 3L vliljJ 

uLxubj tOCR ic.Lkk.ll v_3(J^ — LxlixJLwl j^ill o^LUl oliiflill 6ix 

«• 

jx^LKJI 1 y— 11^3 53$ ^lj) <^4iau!uJl kj^ 3^ ^) CCR ^kxuil ^juLu^II 

Jj jjs&i S^ljxJI ill CuL . 3 ! ixia II jx'blKJJ 4xl ikll 3° 5*13® ill J^l jKi i*j 

ic.j^ikll 3 iiijLxll »—uK.11 SpIjJb Jx SjjU krm 

p p p p 

. 4 ipl 35 P(j~u ^1 lji> 3I ^aXjll 3^-c > 3^ O^jXU 


YTT 





























J ^ 


UJI 






CxlS-t .LujI ina. j vlljA 4 jI < N °\ V*\ (3 KRM Lllc-ij 

Walter cu^jjj^ jrLilj ^jaILuiI^ <Jl)j^. 11 ol \ dxvJl 3 4*s. tjiu ^cqI^j 

Lq ^jb I j_a>j»i JjjJI C)j)i^\^ SpIjJLU ilSlI Cronkite 

«.\\v'\ ^ \r 

<Today ^Ij^j ^j^I^juLxuI (3 ( 3 ^^ cu^ jry-^S jjljj 

6JaI j SpIjJS 5JT Tkflfl LujJ tilt jrv p^uuj! ^JS\A\ ^ljuTicSlJ UL&j^o (^jJI 

•» «• 

A^jI.AiaII ^J£.^a JaS (j\HcLuj j^rk.‘> J^ojlJI £jC. SJSlI iJ itfl.0^3 (JjtftlLj .J-qjlj< 

iftl til ) Ll.id.1 (J\ ui,.\\flll cl Li .^o^iLJI (JlC Jlo (3 

* M « 

jJlus tiljl j* pIa .jjb^II 4-u-ijl (J-c dl^Lui^llj oLojjrJLI^II ^ lr>^ 1 ^ j a j f> <gLlAL 

Lo (Jlc p^l (jl^ I jl JLuj <^ 1 LLlq tiLu»^ jJlc. (jl^ j-11 (Frank Field 

«.6/IaS|I L\ % iAll ol vLclC iyr\x t /£ IrtQfl /pj» .4~t trvl «tllil >i L) J_j£LiJL)) 
^JaLujI J^-vaI .4 llr> h*vq ClxLiftj (SpI^ILII ill ^ 1 A^ki > Jj\-gj 11 ^jn jlx.1 
Jlc SpIjiLll ilL ^ojj 4 m uuLui^JI 4_o jjr\^J^II S3^-^^n 4 a>, l.i 4 jL»^Jo 


L&j^gJft jaI (o I jdjic .LqLqj jLLcua (In t .*»! ac. dU^ ill tilt dxo .iJjliftJI 


.JjU ^ (jjo* (^Jl 

• M «» 

^oI^jlLujI (3 Lj^Jq Stevie Wonder ^Aum) ^.q.«4» 

^jl 3 tlixu LujJ (JLxilLi-u'JI 4 fllft^Q (_£jJ d /ii Q n ^qS|I I 

Jl£. (L^J (jj)^,(iiil ^1*11 JjLflJL JqaJI ^yA Jl£. Mill 

4 \lrkJi\l LjjJI J-oji^j .4JSII (jj)jufirk.l,l 4 j^£. J .J iil^_ll <JL^ ^1 

•• 

jLljl JLi_xlxjuL Jlc. LuiIj x ,*txnlI l\il5 tliljJ (4J SpIjJS 4JI 

^ M M ^ 

3 alicj^LujI Jj'JI ^j^olll 4 jUacI (3 t^J) 6j-=wj J^l 
4^ftiixiJ .(5 ^j-slII ^0 0 ^ 5 Jj • * 4ai Jlj>j *^l 4 jS) ((^Ij^ 

.4jbjl^^ SpI^jJLLI 6JjJ^J1 4jJI ^_q ^13 (3 jjLc-^ (4^olJ ^’v <ul 


,Jlc icLkll OCR ^ oU^juLLI ^ jjlj Lqa^ 

4-q.KJI oUJla^o CjI^j) 3^ oL>U JI 3 vZjL^Lxj JLa.j| Jlo 4 jjL^jJI 

4 aja.) Lexus ^Lu^jJ Jlo «SjjcjLo^Ijlq oLqjKA.»I .4 \ x » llll 
^Ij^JLuuL ((jLi^l 4 -qN eXUS ^S^jjLlq JftA.ll ^JlC. 4^j^jLa uv^ t > . 

d v j\<L 11 *>—3»T11^ dil <( cjL>LJI JIaj^I 4JL> 


rxi 
























1 d* c> 1 jjjum jju <N^VA 3 

^jii3 .Xerox j 4^ J^J ^jA jLaiLtulj fclxxjl >—i3 a 

H f £ 

4-Ch_UiLo Ijlj .Jl CjLqjU. 11 JjJ^J l) j CjIa-ViA UlUl 

«Q 

Jl SjjjaJI ^JLc. d -0 U-tJuCx. (jLojiLj LoibjLxlcU OCR 4 >\q*ij 
P-ljvu (3 jljAixu^ll d*> 5 * a > . N^A* 3 45 *^Ul IjjrCujI d-ljJ |JLaJI 

jIUjj — ^j-ujILq 4*1 >,.\^“i ^3 jjaj (JoaSII 3 d^ &Ujj_U ^aJI OCR 

. jj^JI 3 Ijalj j-olxulj iXerox TextBridge Ci-uiii ^1 4 j14 

jjJjxatl 3 LGUUIaI 3j tjJajj Q *" '■■ * ^.Ifl^lx. JlC CtUflLa. 

** ** « « 

JIa. JLC ^oiU d^ <N*\AY 3 4J £_>ljJI ^jjujIa-jI 3 v *■ y-^ 11 J n> 


5 jfl^N. I ^dlx dld& d^j 4c_dUfc- .^-Q. 1 iu jll cj^lSlI ^Jlx 3 JLac^ll 

pIjj jULU 2_ijl 3 ^HJl <jLjl»aJIj ^Uillj <jjLxjjl Jlo <4_dj-ucJl 4 _ulaouJI 

<4 1 5 mijll 4 i-wliJI ^jA 4 a \ Ai<o 1 a\\ >j ,(j\ \fl \ u \jll <_\.Ud 6JQ all oljjua^l 

•% 

. JJ_LflJI ^jA S4XjQA^fl f^jA ^jUG 0^1 6JJb jli 

«ft 

.4fl \\-\ 11 c^l CaUjI jl 6 Ja.) j 4J1 USq (j-N-kQ.Luijjl 1 ^UlXa 

JlC. (_£J-UJ e_fljjLJ ^jl <CM ^1 <6 JaIj d"° J^l Jx v_3j-xJl Cxxlalml jJ 

6Ja.Ij 4du US a gtlixi 4 \5 \ nt jll O^SlI >—vlxlj .Cj^J- 11 (juX-k 3 6Jb^lj ^JA 
. £j 1j-usSlI 4-^.llLo I6JjJ-=h-o JjLujj JllA vlul^j .O-fljJl juxiL) 3 

CJJJX ^ a"I vixlA. <4_UJjrl^J^ll 0^1 aJlx. dliA <J^1 uuU (j^J 

futUlo vllj^A 1 J-C ^jLDI ^JLaJI 3 

* » 

(J inliiij in ij i43jX xU>"i |*xj <(J iiil <n*il 1 jL g-2*. ^JlC ^ S i„i»jl 1 ^jA 


4-a-i^juaJl j\L CjLqjuJI ^ yQ »" uIjIai .0^1 Si 1 JJjlLq ^x.Lu jSwTJ <4^ji j^.1 
old iU Jl SjJjlLq CjIjjuqI |XUAifl*> dj^ojj .J ml mill v—fljx. 6jlcl J-> 


djdJdjulj i^-fl.vfljdl jaX. O-SjJl 3 ^^Ul ^-_SjX-J <4-dij is\ 11 L^alj^x 

™ «* m m 

CjIjju 2 »S|I US a Sj^Ij 4 K dLu>> C-ul^ oUlxlll ^JA 4a\ u*i 41 \\ »n 

JLq Jx. ijJllll 6jXSiL0 jjjj ^jjjrliJ^ll jdlxJI 3 JqUGS ^lll 

4lsJl*^ CxaS ' 

d jdJLid UjlUlLujI Ijl (j^flLXII 3 ^ ^ v " “' djJlIlxol LqS <Ia lir*X> dj^-* ^ii 

" ** «ft 

4 \x a iull 4 vS \ mjll O^lSU 4.1 uwOl oljjua^l 3 jS jjoa^JLj 4jj 1I ^*> 11 Jj-U 


rro 



































^LJI u 




6 j-A CjjI JJjJ <4l oC 3* jJaj 4ll Cj*L=*jj j^aSlI Ijjfc 3 Ojii Sjpij)..urJl 

.LfcJ^^.^ <—voa Cj iS tmjil (Jjij3j^ ^xlll ^)i.ixa»ll dj. iLULlI 

^-llc. ju lllja 5 v4<»^11 lljLttu-aijo 6jLlcL jjlj ^ a Tv <»> *_a 

M ^ «k M ^ 

jjrA^J LJjl I v m, w a luri^ tN^AV ^jl^j (3^5 • 3-*'-^ ^5 M.tjll 

ill J^l K250 jlTid . N^Al <3 J£-uu K250 Yo* 

Luj-iij ^iLoJ JQ all Oj)jur^„lI illaJLuil gLalu ^^Lxl iijjjrtill 4 vfl u,it ^a 

■iS^l\ U\JLu^jSi\ o^l JS 
<i lj j J <—UlI wlS <ljj)fl jua l ii wii^a 3 ^ t^jl 3^ dLl j 
j ala \ 4ll d JU <N^V* 3 43 li^ Lr L^jiL> ^-oLojlaI 

«• w 

4^_ii_ujjIL ^-qLaIaIj cj tjlj xia£IL ^qL<uaI 3 ^ La a£> 3 g a^I S& 
J^.1 pLa-uj jljl La wile j^jjil .(1^11^11 l^j ixula i>l^5 3Lui> 3^ J * 
i !l-£> 3 ^ .41aI^ I_/\-ui^jjjI ^j^-Ixxuj 3 I 4_l1c 3 ^ <4_dl jA-.uj&j)jj )),I 4lUJ> 
i >a oL&^jJojO (3° 3“° guuul Jl C. Jj 11 d ^ „,l \ ill ^IjjULujIj <Jlil 


Hjr\ l mill I 1?A ^-11 g.1 J^kl <<>lj jLu^lj <6 wLL^a CjUJluS J-* jjl -k^-> 

^jjl Jj'JI Sjll <dUj j_*_> j -10 >» wj^jJI p fl ^ * ilLto ~ j) 

> 1.1 v^. < 4 _ilc 3 ^ ( 5 ^JI j)^wlll 3 -C 4 .La£. >—v^ \ ^1 Jjfi 4 JUI ^o_*ju ^ .4wil^wO L^xfi g 
twlkiLi ilwla.ll oLc^LaJI iill^ Sjlx.1 3 LaLil ^JxQui^ < 3 ^ vS.ua^ll v_fljvAJ wLB 

3 .juj^. 3- 0 j i<j\ \5 \u »^11 ^IwLLlxJ w>tj <JL1I 3-° g 

31 ^ Jle Ct^lSlI JJJtlo L^.LcvC gl a u» 4 \ft \uu ^aJJ 3<^ a > 3^ljJI CxflI 

gulljLA JlC. v^j^J 4 La.fl \ Lo ilj)^ n> \ CjI J\±x 2 jl^w ^g\ jl 

.j^iJl Jlc glLull gl a ii^ oLK 

j^l <goLi gojj Jl 2^ 

CiLa'^LaJI wL^I ^ 5. i4a^A g.lA\ JJal^ . N ^ ^ • 3 <^LaJI 3 

jua! 3 1 ^■*■ ^.1 >ij gJLaJI 3 itij3^J^I 4 iq w d^- 1 I 0^1 3 SailjJI i>jl^.lll 

c^jb 

^JLawa jK'i >1 <_£dgj \ ^AY 3 ^ a i <U~ II pl^jjl LuajI CjI-1-i ' 

MIPS iuljJI 3 oLqwJjGJI 30^11 4 ill lr\a^A 4 \\oT% .Cjj) ur \11 J \a 1 m 1 qIaK 

OkU> 6j^all jJalll 3^ vllljJ <(S^lj ^l) 0 ->L>L^,,.waj (j *j 1 %a*C 11 ic^-u ^l) 
glVvIl 6wLA oll^j -1 ^ a \ U^** 3 * ^ ^.. a!1 3 ^ aj ^jJI 4 a .III Cjljj-fiLo p. ?k ^ 34 



























... dJjJ ... CjUKH 6jl uJ-flJiJI 3 ^ ^iLlriYi 5 jK J. 1 

« p 

ud • U5~ H pi aK II» 6 JJb ij\j 1 \ % a* y .4ii^kJ! ... ... ^ K*Vi ... 3 ' ... <„vrk > 

plxlo^U ^UUUJ jkllaj jK" N d nUll jL*II 6_X-lij J-C v_fljjOJI 4 i\5*il 

^jJI 1X0.5* J1 4Jal »m vIu^aJLj 4jljJoJI ^Xj^jUSla jlfCulj 

Kurzweil 3^1 j*j) Kurzweil VoiceMed ^jji 4 xlc jlk! 

Ixojjaj .jjjLSnJI £-jubj 4 iIac. J^Li. Jj>,q 1L P’LJatSlI sjuijj) 4 (Clinical Reporter 
kurzweil Voice ^n.in ^1_>cS)l ja»ia *iL&l * 11 * L^J 

Jl Cx&j (3 4-oJSh .li^vlL 4 j ij t«v" „.a1I ^aju> ^jJI 

3->U' ^LUI 3*“* ^oLl mA L&jLui ^TvlII Ijife .^^^xuJI 

^ I.XLJ j (> U^L*J 

4>in% nill ~«lj ~J 11 Cx^-xjual <j^o ^jliJ LojJ^Ja 4 p.L*JI i JAj 

^Lkl^l 3 dljJ 4 ja*\ mil ^JiLll Jlc Jolill 4_Lfll£JI 4c^fjujl 3 -° 

L> ujji 4 jJx jlUj (^jJI 4 LjJ gt*l\A Jl ^aJaIJLa v_jL£JI llib 4 jJL* p^LoI 



J 4 jxK 4 jLo ^3 Jl J-ua3 4c^*e Voice XpreSS Plus 

7 AX.I ^jjuJ >jlita. 4ota \ JS 3 ' r><j 4 aK 4jLo ^jJ 4 ^aJoJL»t «4S i9jJI 

.dJij aI$-a o"f3* 3* ^ <Uy£ 

* «• 

Lemout & Hauspie) o^i^rJ JJ - I -\«t S£ytJI 6 ^a £_iaj llaSj 


jjuj .ISjaL 3 L^ljlj! 3 ^j-qj 4JlUIj a^L£JI 4a.\.£?J S jy^ 44(L&H 

m i iT 

3 p-^Lo^H ^ 3^ l irk^lljrCml ilJaj < N ^ ^ V 3 L&H dLLoj JjJLa 

3 L^olj^JLuil ^Ju o' o^o ^S-^ll 1 S*> 3 ^ dlljJ i ^-ujjq5L,>Lqj L&H 

. JjjLLuiil 3 Cxd^xu^jS-jLo vIaLaxLo 


3Li viD.il .Ul 4 jlUI 4 a^q3ij ^SL*£-11 q^v ill 3 d0 «->3 LoAjI Sj^Ij L&Hj 

ijxfl 3^ Cjj^I Lo$J .^u^. jrA-U vJjlgJJ 4-ijJjvoJl olxlfijJI 3^1 L^JjJ 4^T'iJl 

^-a d \j x 1 \*4 1 i vlD ^ A,iuj v_fi i^-uj lr>\ 1 o^t^ 4 />£*> 3 ^' Lxa ^ i/v’t 3^i 

<wi^- 4 u 4 I.qii^ > 1 L> o^aJ'j ( 4 jljLL^Lj 4 p>,Ai »a v_io^l' o^ 

4 aJ Jl j^iJl Jx 4JjXl Lo 4 <\r^QA ^JL»^ jJLaJI 3 “> (^1 iLli-o ^ vU" ..." 

. Jaj 3J qAjiaII 1 <nan ^i pj-uj Jlc Ixaj ji 3^ 4 j-xLJL .4 juLui 
lliljxl JjA-i ^Jb J 4^^l^JI Juc. 3jJull IWlCil vU aCjJI Xa.!j 
S^IoaJI 4JI qu^.c 4 tiAiLaj^ll 4 3-0 v 5^ v 3 41\ ^LoHluI 3' o 


« 


rrv 






























^LJI 




plAailm <^yXLl,S < v II (jjojJl J ^Q^uiil .* j ilrtll Jx. <^fljJLjJL» .^LjuoJlLI 

^ «* ** » ' 

4jB \£i I Jx. ul*I j ^ < ^jju 111 I 4j^jL> Lo l^fiL> J L) ^jlt^ 1 jjvnA. *»H 4J Si I 

.^AjLTiII 4 i/^11 4 x*JJLUjJI 

4xojJLjlLJI jxillll SpIjJLII 4jl1a 1) 6JjJ-a. 4^j-Ou Cxxjllxu) <\^^*\ J 

6 pI>B Jl icLkJI ^ CjL^o^j y llj^ ^1 < Jjjjjrji] 

ill Jl iflLub^L* <6pljjLJI J oUlxl j^jLaj j^jUI ill a*xuSLl 

SpIjiLJl J cjULc^U £■^lil Jx. jllal^ .^jLlajlU 5j >i^i SpI^S 

4Xu^Jl J JffiAfl jJx LoSi 4^fl^ll <4Xj)iXi^ 4.5 ^.iuaj (^jJl <V * * * 

IjjL) .4_Lal^ jj^uaJI^ ^j^lll 6jlil J£ <( 4 1 ^a <'blxo) 4 jlLx^II 

4jl .L$-jpljJa Cxa 3 U£ 4x.j) iX^iI 6 jLil Sjj ju*o jjy* LoIjj jXj^j o Ojxoj 4 5 11 

Lo JoUuAJL g.-uT>l<ft 1J t ,^ul"tl I^L» - IjjLl (JAJjJa 4 1a,0.> Lo LujLujI J,*fl > 

.4jpljJa 

^1 J\_flL*il ^j^>I A. i*r»Nl I Lia.jJ11 jjIjiJ .-il S 1 %Ulll oll^ j) 

«* w 

£j Itxi^. 11 oljji £j\-* J jl is\ i J-ujLu dllA . ^wO^JJ ^ J u~\ o j*Sk 1 Jl Lr l>jli 

9 

Cxfl^JI J <J\-ijl j\jua SjJalx jfCnt ^1 .^V-flLxXI ^LL-iftl CjL^I \\r±.\j S^-oLxll 

4^ljl 4 \K Ai i J a 41aI jjl 4 j£jJI I 1 j »i>( pl^li . Jjcj (jxuJ jw^l ^ 11 

pI£jJI Joaj^ .(^jbIjlII <—ild 5 j^ 11 oUU^Ll 4JLa.fi JjL* 

^LuJIj .^UII ^LL^SU o^il 2-u^l pl^jJI j-o Jlii JS-iu iJ^J jjill 

fj\& ilni/V^ll pI^jJI oLvlal a.1 jjULluIj oL5lx.^U 4 _l^.Lu^1I oL^LaJI Jlc 

4-u JjJI 4^.<u njJI olilc^Ll 4 wn\lL> . Jj^Ja Cy*j Jxo 4 uaa uJI JI Sib I J-=wl 

4 JL 31 X 4 jl \ ^j£. ^'Slx^ll Jl J-U^j JQX J 4 jI J.fl*ifcl ^4 1 m">. Wjj 

4jll^-ol olJSj)ji\4i^ II <_£jJ 4 ^^jluJI qT\ 11 olola^o UjLuxLj . 0 Lalc^Ll 

.1 Laj jJ pljbJ^II Jx SjjiJ! 4 % <I >JJJ J\ \x\W SjlLiui S 

«0 

.4jjK 6JA 4ja>jj (3 i*-' iaJI j j^j *" ■■■^1 JaI 

^J_51x> J>Sll (> 11 t— iaI^o < jxuCjIx^^-ullII 6JA JS >11^** 

I—-ollj ^LoIa'U j\ Ml j .0*^11_^-11 £- _ujIj jLJal J pLSjJI 

f> p 

Cul^j .4 xoJ^JLuuo SLxa- Jx 6jtoIj 4^Jjj <J >,.Vrw gllo — ^Lo-oj jl 4_ijj 

JU.^11 p^IjA (j-o jrv^JI ££J (L^jIj^ojj <4-ixljj^|l 4 jlLojJI 4^0 \ J 4^jLula dlllA 

*5-LuuJIj 


tva 






























^yC. Jfl J AHA J^£. J-C i_i^*3 ^UaJ J^ia :iiJL* ^dJI 

*• 

^jJI <4 ill I .4 at HI Cilj^fl-o i jya bj\j& 4juoiSJ ^ojlajjJLI jv^LSJI £uo JaLjljJI J-C 

ijjT 6 j^ilxa S^-flijLa J| 4_iJ CjLqj^I a II 4*y i<7> £_S J-o 4_Cj^xu jr\3 

ijyja 4jl-luIj 4 I t*C fix i 1 JI v 11 ^jja ■_> « . Q LojJ Jt 11 4*\ v ut Jj c (jy^ I 


.4 Ldu^^ a j» 11 Cjljj jy i\A\ 11 J_c J«<aji3 Cj l iIa! 11 6 JLA . 5 CjljViii Jlxo CjLxJJI 

<a4£JI J-c i_£jjuJ] oitLol ^1) Lernout & Hauspie ^xmjaj ^rJ 3 

1 I* M M 

,4-q^^P «_ajlifc 4 >\a" [\><\Tfc 3 <^4Li_lL^ 1JI ^l£! jJJ 

^jUJI (jjQ Jj^ll jJLaJI 3 >■*> (£jLaJj J5v ni \ l^iljla *■■«■» aU^jJI liA o' 

•m ** ' ** * 

w .^^Jlj 


Oll^UI ^ 1 Sjj^JI <i£j^JI Li^i 

M ** 

(jl I Vs o * 4 j^ J Cj^T 3 lj)^ ^ ^J).1.^5U t pLoifc ^1 Ja-A 3 Ll£.J “^1 

.4j ^l 4_ij*xuJI oLiM^JJ ri ) Lojo J .AqI j-v \ ( J_C pLujuSil Jii fl J 

4-xuL~\ax^ <La a. 1^5 4 j J^lII ^1 ^A^iJLl ^yO 4 H -v 11 £ J A 3 

6fj^' «d^l»j (Js^f Oi$ 0* aAAJ ^ Jl 

m+ 

ij^J-i 4juaLaJI l$3ljl jl JS! jLkjL Cj'^SU LoxoJ I jJb .OJ^j ^y \ ft \ 

.cj&\ 3 f*44 0 ^ j' 

“ ’ - > 

1 iVs a i *^J i4_juaLkJ 1 1^3IjIjJs 0^ s ^J £ji SU 4 ■ v^j, q 11 CjaajI I j[ 

l |Vax1 (Ja^JLloII 0 ^ igyljjJI 4 V Ig- Lo (J^ a 4 

Li JUB (_£j-Xi_lJI ^^ill^JI yUiXQ 3 ' -laii 0^^ •Cjil^ll 6J-A Jia 

< _ s ^ c-LiJI 0-° L^ (5^0' o tt<k > -" ol ^ -o^l Cx^j 

^J-LU-i m I giU ^.JI ^J 431 3 J. ^ ■*"■*■> t . Cj^Ji NLl 4, la .Lai.11 ^ J 4 n_> 

Loj ,luLa£- ikLJl J_C ixu u3^xu O^SlI 'Jj O^lSlI Jl L»Jlj[ SJcJ-oJl 


J| jLxiU^L 4 1^^ m > 4 1 nQ\I ^T n u> \ JjB ^^Jtuil ^jxU-^JI ^jl 4jJ| J^jixU 
4-gLqI 4j[ ^3,.-^. I jLc ,.Vla..i J[ I JajJUo 4_xA £-5^o 

J^Liillj » a“^11 \ ^ K j - J^ J^5 t^LU J^ JfdJ 

v__S^xjj <pl^ J O^SJI Ct.ix > «aT> J IuLlLxj Jl^li Jil 4_g_=*. Jj ^jJI 

oljljiJI 0^ 4Jal Hi \\ i^J »JjljljiJI ^ya J_»jjll J.^V> Ci'jSll dljrL 1 


YV^ 




^LJI 


J-C. S^oIxU db (> JaAil ?ul^ U«- ^o, 0 ^l Jx SxoinJ.1 

^ *» 

4jj^^v* 3JI O^jlj-5-ll L^J'bLa. 3 ^-^ 4jj^^ja 3 | (J^jua^JI ^uj AjQ ilUj 

3 j^^-* >> -**> * jjia * 3 JI 3 ^ S j* ^ 4.^_j j ^JlX. ^LLaJjI (Ji-C 4 Uic 1 "v aII 

ciLt (Jj .^j J*\ iiit oljIjiJI alfc jUjI 3 c Sj^-Lc. oLuliJl 

«« 

^SJI 4X-lLaj ml 3 3"b *l)1“*“® /Tu 3j> 1^ ^j i x\ 0^1*^I 3j)*^ * tn 4JajJJ 

J * .a. * ^jJl .laJI jl Ifl-ilc \jlu p V^l tO^lSlI i—iluS.il Ji j'y A 

,Vljl JjLjlj 1^-flLLil 

.jfll (in JjB 0^1 ^fuli-11 S^Ja_ijjj J-alLihJsl ^jja 3 -0 

»—■* 

Jio «4jjJ <jlULjo 4_ual3» 0*^1 (3 (_£*-lLxJI /\^v *%~i v Jj0 ilLJI 6 Jib 3 3 

•* M T w 

^lVvl I 3 ^'>**'' 3 ^ r is^~^ j* ^\ t^’C1 \ ^| $jl \jjill 

tL l 1L>> 4 iIr ^ii, Lo Jlo LoLo3 — 3 j\ * 4 s\ (3 

^jJ 4.0 Jfl all oLui-JI '_■* <lt> . a I J^-^9 £-o 

t j/"\ v 3-1 jj-iL lliJ^!I jaJlJI 3 *^s 3 ‘(^j-uLxll o~v j£r 3^-1^ iiii 4 v^ ill 

|XJj£- Pc-xC- t3j > 3j , s-flJI 3^ <jf Jjlj (jjuLJI gr \ tr\ \ t n S^j^aJl (^>aAj 4j 

3jL»I 4Jai jux \ \ 3jj^fl_> Ju5 4 juujIjB 4jl^jJI CxjI^ Ijl .^LLajJl ^£. SjjliJl 

.i^LJ! iJbSJI 

p p p 

jl 4-iu,ii.flj ^^^1 pi ilQ * ^ 1 4_>Lc jJl 3^0 \/n ^ Jjft 3 ^Lll31 1 

4^jl3 i: 4 , S^J a \ n 4 j»j^xlaJI 4.tgJl ^Oi^J JjJIjII Jjjua 4 _>a^J^jj 

t4iuJ^ (S3^ cj-o 3^ m 4 t^\ll Cul^ lj| .<U^llJ pJLaJl 

J1 *2*-^ c A4f^ l Slx-jJl Jjj 3 jjj^ 

3 b <L^_cLujj| ^» (J^J 4 1 . \ /,t-v \\ 3 ! jLci£.Li dJj 

4jl^ik 4_» jJ ^ji^> ^ y"r< 3^ 3 I 3 ^ 4. vr^..i^> 4^LxaiLj <3 ^ {5 ^xj3 JLclL^ 1 

s (. * 

(Sj^ u^b ^ J^u'j <^jj)Jt hub 4 v5 v" 1 4 -y. as \IJ 4jt^ij 

4-^.jJ 3 -^ 5lH ^t-ijuaS jlx j ^ t.laJL> «.4 jJ^jjulo» 3-0 4jL^JlJ ((^^Lc.)) 4 J 
Li^^J^ju 4 a 1 i.iV \ £t\ 3 ^ 3j<1 \ in ^jjutlil 3 I i—flklgJl ^IjJLjl 3 ^ 

(< J S 3 jl 4 Uv 1 ,M 11 4_lLo£- 3J. ~fc-l AA^-1 3-0 j/^ Lot 1. xmxAj ^t 

6 j-4> 3 ^^ ^3 .4-»jJ>JJ j* lC. CjU^JI 3 -o 3j. 4-laJ. XU Jl Jl fsgjib 

1 JUJ1 3 ^ i3 >v< ^ 1 IJ-4) (JlLo 3 Sj-iJLxu 4 /. is \ ^ 11 4j^ju_J 1 oUil^JI 



\<m 


p^1p!i jJb iiii .Ijlj^l Ij^ j^ > jj L \ ^LiJLi 

.AiJ^ll 


Theodore Kaczynski jjJjjj 


6j-AJj.ll p \ i/~\ jjja 4o-jj-o LflK1 ia-toljAo AjlZujloj jjaj asj pL^_ao3jJ j^Lllu 

O \ ^(j* t <»iH ^jlfLo dJj jmcIxuI .pjo—LI j->jlo \IIj y_jjIj?k H j j p j jj <L\ \% ^3 

jSlI aSL^JI <Jjj ^ljrl^h.1 (Ja^. L>° Sj-flILtiill 4-xljLaJI p^JLod 

<4^ J[ (JjuLjCQ «j-vu£. jyaIHI jj-flJl Ajljj <3 4-dSll inilI O^J^j 

d^Lo J[ gLJjjulJI O^IjLc- jya ioLo^l SjiJl olfl.Vtl .4 A^Ij£Lq 

<yk 41s tNed Ludd jjJ j_u 4.o.*d j^Twl ^ \< >L*ii pL^. ^IjJo-io^l I j_a (3,3 

1 oK * jr\-^JI dJ J Aloj .i flj-vo pIaC A'v. %Vt A^jLuao ^-LxuJ ^ * \ iQ <\ p.T^Jvj 4 6jj-L~iI 

<Gl (3 4.uAu (J^2k-ULI ^1 j J-CLj JjB 4 jA^ Lc. JfLlu LAj-'uO j3 p7 jjflJ ^ £j\ JJLjO CjwLs*.J 

«.dJj {Jj*_a jjJ jjj )) u H ^.Ij^JLlliLi jjjlJI IJLa pIj -5 

f. " * 

1j J£.Ij .^jJjq uLl ts~\C- (jjuLis- <Ajj"uu 4jjl<o^ jj-Luj Ldl j I <\A\Y (3 

•* ** 

p J 

Jjjl.iiu La JJlCJ -jjJjCjLJ p fl ^ Jpj5sjl jiS .9 4^J-urxll dSLft 1 dLUiA ft olju>,.l.^..?t 

CjLajSLLI ^.dr^-Tko jl pX-jj «.l * \)r> JjJ J-ij (JIjjlsJI tLti^f.n <j)jJjj <p-^-co£.j j)£. 

iCi^'dl j-us 4-iljjJI (3 p^^ tgi c—JLcI Ij^-vj tj^udjjjLjQ I Lq£ i ^Luddites jsjjjjJJIj 

4^oj*\ (jjbl 41 U wlj .pLxJ 1 dJj (3 J- 3 *-^ AjucUI OLljLxu^ 1 iLulco 1 1 5 \ 1^>\t 

^.jjjjjLdl pLt^vC ^\ J mJ 4^j^aJI o"u7uj «->a Tory ^jjj 

M U 

^ aU^I 4 t <n\lL> 4-ij^fl 4 H aha pJ 4.J 4 JLqJlJI j-yjp 3~V~1 jjl O^Sn 6j jJs 

p p ^ 

j'X. jj^LuajJI La IjjLjj ■_ ' S r_ LjluIj u.ilfl. 1 i p ^ * i j ~v > ijJ.< nl Ij J A Lull J-BJ .Cj^i^it 

p ^ p 

l «_ v\x^~J <p (3 LLljjl jJj 6J-i J-^- aJLoC jjfl l^i jya %cj^o 

O-o Ij-^jjuslxJ j\^L*juoJI olJjJj 6 J Ix^j 4 a-qj*\ ~w g^oljj di-i-A pJj . 6 J- 1 J 0 JI Cj^SII 

. 4jj Lojjj 1 


■ 0 . 0 . 1 . 


Ijoj Cj^Sil J-4iTx^C> JJa 4 JJ)l^klll Jb£. SjjL^J 4_Ojlj 4^jO*. (3 ^ 411,a pX-jJ 

jJjIj 6j\j^J 1 4Jj_o!s]! J-^lj .j-uluJ 1 (JLo-xJl (J^jO (3 Cj^^n jIj-ojLluI L) 

I^jLlLo 6 J^ til (3 ^I^ujJI jIjjlIII oJj * j)l *4 JLclxJI jjx. 4 jJL ojlij'i!I 

T 4-ixujJI 6J-A J in'*) (j^L? • j^C- ^xuLUl j^jiJI 4j|j_» (3 CjIo-aa11 (3 

i1>-u3jo pic 4jLo jIa (j\£.jlj^oil 4 \ <n ilL> Lo Jok- j>o pJ 4-LlJj 


YIN 





4 1 ^ I dr I I.^ll ^ 6JjJL>> Jltt£.l I iil^j (3 4 I A j^ a ", _xi l JLa£.'iU ^ i> J fl JjI jl Q 

P p 

•u j>^^ .Lull ^-A-AJ^jA ^ .4 t/\"> XU ^3'J'iLtu ^1 j\ (jJaaIxuII 3 

JIaxL ^jjIxa j\£~ jjBj3 >- H^I 4-j^Lx-=*I Ldlx ^^SLj J-ajiJI jJSufl 4 fl.yfl -v 

u_jj^ jrtJI 534^1 fl»AaJbujl 3 oljJ LaJuXj .4-pI SjjJo* oL1£3 JjC LSiIi 

^ulJ^ AjjUill CjLj^Jj fl il" II 4 i nnUil jJLlI jyc. dill hi,a 

^ p ^ p 

<jl I W 1 ^ 1 jl .dUjj IjLUt—ui (JA vfl I HI^i.1 jLa-Sl <*LaaJ (J-S vi I n.l^A jL^Uxul 

^flwii^11 JjL2kJ (j4 „>5 i Hi^aJJ (JjUxJL 6 Jll£La SjuJu^JI ^j^jja^JI ^fl»m4j itU 

^flhn j^a LLiLtu /^jjkjLLUJ Cul^ ^yjJI 4 vg.1 \ U> «a-N I W_fl^l <JHU J u ajj Jx . 3 jLj| ^1 

* «* ' 

^1 Vl nii-J ^lAinJ 6 Jfl .1 Sjj J^il jj iA itliJI 4 XjLu 4jJI■ t I 

£-A ifl Ixu^Jl) Jj2± I £-J Jj I ^ A^*C\ 4 ^ ^ 5 tilt^ J^JLaG l^r Ca^i * I y 4_Lo | \j* * ‘^JiJ I 

* 

jlfr*. (3j)Lc l^x lit* tLaLo-l ^jl_JLfl ^jSL* jvJ eJs'^LkJI 1jj& ^li * ■>* iA~ I 1 , t ^ J\ 11 j I ^ 

.jULS^I 3 <Ar-l 1^-N. \ i/-\ % ^1 I^J^^_l jij <—j_l£kjrUI 

4Xj^ LfcjLklcLi \>an -La*. j 4-ij) i^v ILi 4 a a .fl a 0^1 Si I ^ a!^-^ a 4 fl hi U 

iljUll ^Js^-oj C>^i^Q jJ-Lkj 4jjLoii^ 4 xuiLoi 45^2* LajI a^cLi t4_>^j^JJ_jl 

p P 

J-ILuaJ £_ajj yJI 4 1 ifl*t jliLl I dljjj a^II ^jl ^ d-u^ .Sjv^LftJLl 

^jjq J&\j JjAal ^lUd J)I4 juLa^j^ , ^I ^1 ^13 oUl i,^xrw^H j,^ i^~j) .jLusifl^ll 

mil ifjij J^ 0 - 1 L® 3^^ < j«vQ A 1^01 IIxi W ^jj < ^ AV * (3 »Lfl-*-Vo 

w* 

l^ ifl (J-a-*-» ^ Aaiaj ^ V *\ J| ^jfijJI I t N ^ S A .(JLaPI «I 

(_)jjLuj^JI Jlx.^ ^jl^mJI ^a 4 fl.au ^juLtuI ^-C ^JL^JI ^-A^iJI ^jLllI .(^xUudll nJl 

J JS^JI 4JI1a^ 6^ic Jl NAV• j or- 2^3^! >^0A j ^ail c^lUl 
4 —AjLbjJI j^JI ^>q^" Jx. 4 _lLxx 1 I SjkiLlI (3 JjLa^o j^xj dJLjjb v \JL^JI 

(_£jxola 3 «a^JI j^ialJI (3^ 4-Lfl-iA^JI Sj^UI 3 4 jLLL ^ * * * ^Lflj^l Ija^ .i^Liil 

(ji. 1 fl ^ 4 >5*4 ^C- JU^ 4 iv«sll tSUaJ! 

p 

I^j^-aI 3 U» ..tjLA (jl^ 4 ^.1 \./\H 6 j^SJI 4-»lj_» 3 -1 * * a ~ ^ ^ 3 oac Lull 

^j4i^ t> flr.L,Ar» Jjlj * lj . LaLc 4 xjjut Lijjjl i_,i ^c. JLa-hj^ 4jJLa-luJ1 

. ^l_£Ll^*^ I 3 __^-A-l— lu-O 

4-XiLuO^jl iJUJI {J-A «LL^ .Jxl Jx Lu^-li Cxil^ 4ja-jllil t_ 

jjx .^4>ljJI OJ^JI 3 <wfijLb^JI 4 illnVi ^jJI 4iU>5v ^-xIaIJI \5*> JL^-a 3 CjjI^ 

(jx 4 Aiixj ^jjLojI Jx 0-»LiJI ^A-ujJLi^ < _9 Lx-iX' 6^xX ^j^II ^ Q 1 * tJLJsl Jjdiij 


nr 



\<m 


JoS & \ AV * (3 4 5 aV t L£ Loj 4jjli-o 4 _<qLjlJI ^yujljil (3 ^ *1 »*iH 

^5jJI ^-laa^aa Loaaa < 4ajpla 4 _ujj<Xo ^ i5v I ^ja 1^5.^ 4a Li. la Y 3 ^ 

.Lj^jlLq \ o *.*1 L.Va i \ AV • (3 ^^at-oLa* <_JLL* <. &H o Y 1^5.0 iilllA 3 ^ jjaJI 4aLi.la A * 
UL Cjjjoj-oiIj — Qi^^i aL c ^aaLo Ja-o Ijd^al (3 Cjlja ^aJI 4aaLa_j3j^JI 4aJ ax J1 

' M « 

CjJL*aaual — (icjLullI CaljaLaJl 3 ^aLflJ LLflj) Jajfl 3^0 vIiJLaj fJ 4 CjLu2a CjI j)-U^t 

ft* 

J*l 3^° .Cj ljl$il ^ Lxj 4^clA jjLc SJaJL>. u_AaLLa^ q fl 1 "vj 01^LgJ.I ^ La ^l_fl <3 <—^4Uaj 

CjIjL^II ^La j-uj^ja LoJaC i Lo 3^ .^aJjtaJI 3 jLco!Luj^! 1 Sjlaj Oal^ dilj 

CjI Ja JaaJ l ^Luiaj. iS^ ^J 4 ^® ^Us 3 t^juaJI ^l5LuJl 4 1VC c-I^j 

9dJJj 3 -° jLfc 4aaaaJu*aJI 

jMiinm a 1 <1111 3^ ic^)LuiaJ.I ohSLJI 3^^ (j- 0 Laaa 3^ t^5-*-^ 4 aL^^jI 

^ ft* 

IIjAUA) 6^ u* 3^ <4?aTu IiIaj ‘tjj ): wi<0 -A^ ^Lfla^l jj J«<"* >1 jllj £-o 

^yjJI SJaa^JI 4jiajJaJI .j^a^JI aa 3 ^ IJjXa .0 4a■> AaJaLaJI JaLia^a SjJjB ^>aSI 

' 


,jLc lj) Iju^ a 3 1 ^riul! 4a < I a J la 3j^-^ fM ./'-ud 1 4JLua L^o L^J 3 -0 (^£jvu-d ^ 11 3^- ,0J 

** * * * ^ ^ ^ 

.4*\ \\cT\ 3 (^j^iaJl ^jaaakJI ^t-ojaa 3 ^ (£^ ‘l-Ala^^aal ^aJl 4a_4U^aaJI 4aa_fla 3-° J^l 6^Lfl^ 
*—fljhuj Cj^lSlI 4aaJxfl 3 ^ t-liljJ <v_aLl^ iJLcajak.^j! Ijab 3 ^ j^a.»a 3-^J 

«k 

4a ^%iaJl 3^ac 4laxu^ 3 ^-® j3"° ^ 

^aJa ^jj 3 ^ 3>o ^yuaJ iclllj .4a ^pauJl Cjlaal^ 11 4. ^ 11 4. x x iJ a. 1 la n 

3y^>iJI 3 '^ Cj L 4j& ^>a^l aUMI 3>JI 3 JaAfll JS-ma Cj^lSlI ^j-oJaai-jQ 4^^^ j-ol 

«• 

- j j)-Ul^ 11 iLUJI iLjaJl S Ja-Zh.^11 3 ^ “* 3-° (^aLsa Q 3* ^ 

«• M 

«_fi jLfi 3 j Aj 3^aa» a^jula 4 J 3^° 1-Aal —uj Ca-ujaa^l ^JlII ^ % ^1^ Jaa 

^ «» 

-4 a t iU11 3 } 4 U> \ jii i 6 J^C 3 c. «ailja ^ a 4 liflli.iAj \U» i^s^ll *_aa^ll)) 3 !^ * * «Jala5 

w« 

ij*jj£. j^alaJl 3 ^iJI 34 Valden Pond ja^a 3 j jJL®J 4alola Sjlaj 3 ^ jit>t 3 ^ p ^ 

aX-j^ .4-ULuoa 3J J^aia^ 4alilfla cil jtLj (^jJI ^^iuJI ^jjoa^J 1 3 ^3 

» *+ ++ 

£jrLLlI tr>“) 3li (£aaa^aJl CaaaA.Lua ^aJl ^lj*^Sllj jJ^LaJ.! 4a jy^ 4JLa. 4aI 

3^ oa ^yjJl 4j*aaJaJI 3-° Ij^ J do II dllaA * dllj f^J>3 • JaflaaJJ JaL5 j^C -j lajlaaA.| < jjq\1 

ft, ft, ft, ft, ^ 

tl^ul jl (J-tAfll ^Jb Lo J-^ 3-o^ ,4a^%iaJl Cjlaal^JI 3-° Ij^* j\aiJI dJlaAj <L$a-H Sj^aull 

. L^^Jj^ ibVaJ la (j\ fl 1 s-\~\ 1 ft 3aJ 


rr t 


Y1Y 




... 6 jAaj «■ ^j)^ uuiil (Jj^Lui 

«* 

.^Ul*! tiCljLiI^I ^jl5l ail 

ft* 

t, * 

AA*A <J SjJd^w aSUaS Jjt JJ^U.Uuo. 
... 4^0JUflJ) jj£ l-jLuuI 
... (ji ajilt a all/S^Alil JbLi. 

ft* M ^ 

... JaSLulLoJI £tJUI jj&I^^. ^li-oLa 

... ft <o j 4j jj^I 5jLuax 4 

«* 

.4hfcl Lo cJjjj Cu^ IjI (jl^fiSU *>l£ JuxlLuu J-c LojIj jjL^aJI 3^-1 

iKAll .jaUI £-0 ^..ol <i.U ^0 1 ^ >..g l l l .11 £-G P-^JuJl (j^JU pl^jLll Ji.it *^JLJ 

^L^JI ^jLi^j-tma ^J-C- SjJcsjujjJI ^C- j-UjuJI (joLlflJI j ^ r 4j-uiijjJI 

*N» 

{jjfi \ n» <1 - «-i_UI L^ t Lc, j| j Lue ell j c _^oaJ . 4_i ^LiJI j^jluJI LLclII *- ^U~^i * ^jJI 

j^j.v p-L^d <UjLfl ^ vU~ in ^ Lq JLluJI J^e Jd- d U. at ^ 11 3 4_j j» * * t 3* 

.SaxLuJJ (jAju ^jjjj 

. -U-. \ .A 1 1 i <|XJU <L£KdJ ^j^jLua^JI QLxoii^J ^jjQ 
feddLucdt Loaj -9 9 .Lcl^-Lo IdC-Luxa 4 jj^ 3 jLiucua ^-it j\ /n.1l ^cLujJI Cj-Aj^JI 3 

y •> ** ** 

tHjLsLi^JJ J[ <3 ^ tflnl5rt.il S^fl-JI XI l$J 4 Jp-® CJ^ 0 ^ ^ O nl vl 

1 . > ^ * .^cLujJI JfcLma 4 vie LjLu\ £^La_/vJL1 - j* ^ * * 11 4 fl. 3 

‘bL&J 9 Lfl.A-llj^ ^eLaJI JX-LtXLO I , ^ 1 -fl lj -1 J . £jLqJ£ gJLco 6 Jjb\j 3 SjJLuSt^ 4-i ^jllaJ I d a. W*i mil 

OajJI IdA ^ ^ \...J 4 1 a 0 v Cajju ^ j-fl 3^ xlJ ^ La» ^ILq iCjL^i 3-3 L) 4-^LaJI 4-l5_v 

M 

pi pi 

*^o ^j-llLa^ ^ dikl-u.11 (Jjld-JI ^1/^5 CjLcLsLjJI 3* Lk» < «^J>..i7i 11 3^° 

ftft M 

p p 

(J-UdA. ldl^3 ••• «5dAi^5.H 6 dA ^ g n 3^ 03 CJ^- A > 1 V*C A> Itf 4 a K 11 

\ ^ ,n^_t 4 a. \-v" <n a 11 a \ l ai*C ^13_31 4\< t <4_i^LaJI dJLuOi3 

3 * CjI^/saX. f^C. 4a K - ”* ~ s< ^ l c\ .SdJU^i5 jJLui Ci-U ^ ^ v > i^j\ 

ft* 

,j} (j II jliil i5 j^u 3 3j 1 ^,4-vjI^JI ^x.jJ j v-v 4 \*C I /^\* i-s l^J \_$K ‘T* “»^ 

... 3^3^ j j ts\ I 4-uxuJIj t^S/l 

*•* OJJ^ J3^ Lg-^*J 
*03jXl ju.0 6l^J pLluLlu^ CuJ ^ojI 3^1 «6jl 


ru 






. jC-Luua 4 -»l 4 jjJ <Gl O-l 

p P 

^jjjLfc j^jus ^jl 3A 4J3X Jx iLojiLa Cu^ Lo (jSJ SdJ ( jjojJ1 c jju 

. J 4 -lxuUL JaxII £34 j«o\|l Ji .L$xLuju Jx ^UqI^ A 

p 

3 (^1 j^-uJI jJI jLlflJI Jx Jl!La jA (jxLaJI Lajj 

£^oj 4 jJL) .jjp fl .1 i JLa^jo 3 J-*J) * 11 Jjiill 4 JfLo^J 1 £jA X^lj jA dj£LJLj <JLaJI 

*. « * " 

^-lujJ 4 .1 \a 1 i 4 ,jLAxlaJ 1 ^j-o 11 ^-lujJ 1 j ^in^J 1 i_Li lJS* Jj^. jxljiJI 3 -° Ls^JI 

.^jill jL^b di toLLlJlj^^ jjjLjJI 

4 lJ Llu I 4 c _ a x a 4j J i •6ej^' Cjy^' ^ 4 ^ 6*- ^ ujj^a u* <i ( 5 J^* 

** » 

p 

- ^j ^rs. 11 1 4 jl ^ a (3 i \ 1 auj 4 _LqI^ ^1 4!lfljJLA SjxLaJ ^ /v a! 1 Jya dUAJ i 4 -uaLkJI 

M ** 

<J&J\ jA_»LjaJI 3 Li i ^.4laJLj 
,<Gi 3 ULg ^La^IL jjo^. ujj^J 

m\i jLS au (j-° O-ouiSI jxJ t^ljrLa^L SjIoa. Jxl jxJ Jl JLiuj^jl jja*1 * 1 \uia 

»* 

(jJ jjjjx tO^^I jlx jLojx^I Jl uflj\n jX 3j%!uxll ijxuaJI 3I 3A n 3A3 
J3A. oJx LojX 4 .ilx xojju 3ill La . 4 -l^jl OljljX JS J34X (53-lu jlxi LujJ 33^ 

S JjlxJIj I jjfc 3 LxojJI tolJ£ cXXjj oQxaiiu 

4 \ mtlL JJLj IjA u> 4 ai» jkJj 0^1 Jx jLcuX'^JLJ 4 jlxu 1 JIj Jj£IjJL 3JI IjA J 3 -^ 

. 4 JSJI p£j iSJ i*ul 

.ll^Ux j^Lux^l liA 




jj j-rk. La J ^ (j > jJ d \ o 






pix Oj^jI Cu^ ^Ul iUKJI »oju 

4i^jco a-a 4jl5jj La lj-jl jjjojJ J^Jlu u^£L lo1 i u 1 ^ 

«• 

j' |A ^ 4 iiul 1 /ii ^.^ic ^^ 6^I t“r l \ a 4 jLj 4jX 4jl>LiJI i^\W 

. 4 jjLa^ 4 -Llaj i 4 ,^k-i^ 1 ^ 4 4 111 u tLjjjj)a Jl^ 4 juiL^ Jsuncs Q. Wilson ^^-lllL^ 

4jL ill P^I> ^1 a \ «■ <pl Mf.L JJ)Lv^loj J-UJ ^jxilSjJIj 

JaxIL IjLu^jI A-a-^j A JJB ^I ^ Q L\ 11 j\£, I jl 4^0LJI 

^Aa^i l^jLaIIj jjojaxjiji jaj ^>o 


3 4xXJI 3^3 





. .cv.xn 11 4 iAflii jxJ ^a^ll 

... *^1 <> ^UlS^I IjU 

*■* «» 

t^jj-JI ^ < 4_i£, L&ju^H 4_2fc.Lj <4 i <nfl\ll il^JtJl ^jC. ^^Oj£- Jlo a a5 <o 4jLu < 1jl<ui=w 

♦ *• ■■• <s\ J^ 5 c£>^l 

** » 

J-Oji 4j±fc Jjjuai^JL fIjjluj Cj^^/I ^aW- v A q\ cLuj\ .(£jSai 4 fl y^ 6lto CuallI 
.4jLuJU J^bLUl AjLuxLa 4^ola.rkl,<.oL 6j*uu djl jJ Lo£ 

& t v 

^ylriJU 6jlHcL> ^jvuLiXil ^j£- \ 4jI .<Jj? ^ * A jrlcl lid* tll<n~w 

ft ^ ft j. ^ 

j^JI C»ijJ Sjifl j ^1 6j-aUo ^y£- l Afl-a ^Ho 

Jj (jSl ^ Iaj II ^kLal 4 Ji-uoG ^Ul i^jJ 1^ <» fli *■ 1 L> 

.yU^ Jl r>*Wl J kill ^^SJI IjLA (3 '—flLki*JI J-itflll 


.Lo 4_iiUG[ SjJbUs JliLo jj^o j jjj jxiLijfoLI tiLalx^Luil 

.oil^L ju» JLC “ a qI^ a ^gSjxj ■" jjjJ <1I hia. 

... ,j? Ji« 

P p 

.^Sll 4 n \fl o Cul 1 J^A <6^1 

.J LgJ^ij ^1 pIxu&LJ ^j^Loj SjIjI Lcjj 

.Uj i (] a kll^j d| iiLo^lL Li^jJjfr 1*^*1 II jjlIji , i * .cdLJj d-L^ m * \ 

«» 

: 5 j 5 lflJI 6 , 1 a Jl J-u^j jjIia 

4 1 «^r> 1 4^*bLi^l ^1 ( ^t\llajua' l ill ^ ^ ^ i ^1 ■ ***** 

..UkiAj uua. >la±a jklil ^-A 4 ujJ j^Jl Lua.^Jj^\*\"k|l ^1 

1 j ^j) iJ- jH i v3 «4 & k \ inll» tljjja.'JI ^ya 1 ~J 1 dLj^-a.t ^1 .^jJ\x \ ( Jlx. [ ^ <A a » 

Jia< n ^Lc c^JcJI dl «. 4 ^JLlaJI» (Jlr: ia-Lfl 4 ^Ullj 


<*l tXk k*\ II (j ^jllll JLC U11 (J ..v^ka ,> <Jliil 

4jlaJcJI oL^*bL»JI .o^lLall j (jjjiiU! ^lc-^ kill ^ 

loki.fi La jr^fi^^j<u 4 jJ1x. 4,vki*» olj^ kll^rJI 4_JLc. 53 ^ ~*-l jl 

^ 4j1 2 _l1I^JI 3 h° .LjLu^lfll {£jr* £~aIL^Q^ t^j-cG j_i3 dU.i,. 

.4j JrkGjp La (JS^5 (JjoliJI ^IfljJI ^UklJI d^Xk cjJaJI f^XfiG lij^.1 



\<m 


«4iuu)l Ji ^-uLuj^J I I Jl J«U^J .1 \ <<!"*. <£• cP- jy^ 

A tr\ il t Jj)Sn j\£. ^ dJj jl jlilcL (jxuJ «.4^JLuaJI c-1 \/m^J|» 2 aj-q 

JjLaJI .LxjLLIj joiLo j)VCkll jkjij ^j\ ^-jlj (jxuJ .4.1c. liAj tdJj 

< JjLflJlj 4 tS Ifla, J^U.I'S.H ^A. j,j .^2 fljJI IAjLwlo Jx. 4jl \ II J ^.djj lJ^ui 4_J^jluJI ^1 

^jauJ J; tjlfllcl Jji 2k O dJj .S^aUlLI J-Ljjl ^jl ^A ^Llu^I ^jL5lLcI 

** * ^ * »» •* 


«» 

■£L»jS/l Jja dblj (j-oLoiAl jl^l jiJ 

C>La>LxLa^U ■ 4_> jllI j jLu^i.1 J <jgj jk-J-flj ?4^v j i_jjUJ 

.^Jl ... <i^dl (3 CjIj^JsuJI <LjjLocI Ja-uj^La (3 £_uj^ l!I i Jjaj J^c>J 1 -^° 4 ^xjLLI1 

JjlaJL* IjA tdilj 

* «* 

jKIj! { J-C- Luj JUS jO t LloIaJ |R \ (0^2^ /1 \ I A. a I ^_LXO^jJ 4_^> jjJI 

.^Lu^l l_uLJI 4-i^JJ ^U’^.,1 4. llxX LAj 1ItAL> ifijJtll |\fl 

Mu j^JCxa » 6jUl£.L dJj McCorduck dhFeigenbaum 

((.4-ujjiil ij <Jn 54 jJI 

SgoA OA..JI 4ULqx J*lJ-o tfj-viuJI jaaIaJI pLLju jJbldkj Qji JJj ^ if n Jib 

j>A3-^ IjA t^JLj 

.tisjjx IjiLd^j O^S(! Jl jJ ^ n^Lfl-> jJ 

3 ^ <«ilJ ^11 L5^ 14 l J-Ijj^II <J 1 x< mjJ^ (SjUll L^jI IL> 

.jLail Ijla 


jSxl JjL5 4j| O^aJIXI 6jLjX.Ij niUjl^ 2_i3 2 l^JJtLulo Jljl ^ 

.dJj ci vAj Cul (4U. 


p j-mi j . > >lfljtjij 3^:u,xr> d.~i < v rvCij pij j 4j l> joauai ui ^ 

. 6pL aj oxm ^A 1JA^ < JIjuA 1 )Iaj^ 1 i bt-v 11 

i£/i£ .1 g\c jlau ^jJI Ajat^ll Kq. 9 ujLbj^l .^LLijlsJI 6i^j j^ISlf 

,51LAa J5^)l (jlx ^f iuijJjLo ^/lc jIjjxIj ^yjQJI 

ftLakJ JL3.1J Jjufl Jj J-0 Lj-kuJ .JiuJI ^ <1>^ .JL*-fl^|l JljJj Ija 

.i_jIaI 






(jLi uDAJ oj (JLxii^ll idJu» 1 \ 15c. 3 o*jI rT \I j^>.l 

((.ii^La-oj s J^ri L^;' jj£> u' 

^ •» 

j-k 7s! tdJjJ 14_fiJLxfl^ll 6jj4>)) (jl j-Lki 4 (] Jl>.Ij 1 \ 15r. (3 j-=*l ^I cT \^I 

p p 

^>a£l P <jJLld> Luj .L^jua^i c-^Ju Lojj . L$_j4>Lxj 4j^5 ^cLulo 4jjJ ^1 

«♦ <Jj)flan <4»>ljl (3 7^ I JLa£.I 

«.S ju£J\ d \jK ll» Jja jll ft j>i q a Jxo j-o^il j jxi 

4jl_a. <3 - ^ 3 L> v ^ *1jTilj qITs. aj^jJ I 3-° J£ 3^ ft 4.1 La. <3 ♦ 4 -JLujl^ dJLlft 

3-° jrySJI /n<v j J^ ii\-=± <3 -3J jS* uj^ ^ ,I^U ‘4jjJ^a-o o Kal^il l 
«* 

.<_3-LaILa 3^-* JI 4j c^-A-LaJLi .(J^iutja 4j,_L=*. ( _ui 

.ULL 3-0 3 4,.mfc (AJU 

«* * 

. 4.A \ \]r\ 11 JI 3 I 1JUAA I . 1 , 1,1 C _ 3 UJI 4jJi ^ fu\ Lo ^-ft IjJfc 

^ Ji^l |Jlx tiujLaJI JjJjui ijUilall 3 X. ^<.^iijjl< j^uaj ij , 1 yj ^uLUl 3 I 3 Jal ^ 

•* 

• UjjilP jjJX jx j j^IdJ 

.jSH JJU 1 j ■ a jj aJlll d m > iU.ll j^o a*C > Lo dljx (_jiuJ i Ctlfl Lo^j 


t.^olyP.H \'£J* 
S>kJlj 

.L^oJoiSUI aKu.I»j bAil 5JUU4 ,-t-vu^l 

kb jSJ .Sjjcd.ll <JaSj Lij^U^i ji Ikili dljJ 

S...UI I 


3 ^-oJJ (JjLflJL» I^Q^ll 


SdLi ^£jJI J 1 mil jjfc Lo 3 jI 

«* •* 

4^ojJ£. 4jj)fl a 6^5 3 7^ ^ ^jLaacLj Ll3. ^ v Jl ^aSi ^ -^1 H>L» J^S! ji 

25oA.l l 


JA t da a^iill ^OP _ ^jt-LoUl ^yX-oxJI jl oli pni "«v.u 

SapjLluUI oIjjLxJI j^ili ^jxi 

j^J I ^ * 1 ' . a l a ^ j f- a . \ o a Li-uJ . ^_x^_uo d o o A. 11 p . \o. ^\ o .11 . . * 6^1 

jiLl I j ^.t ^~l J-t 5jU.'..Ilj . 1 i-^j lj\ < C~iII j ~.~ I *n.tl .~iljl .A. II jAi . I> '1 

.(julJLa.L> 4 ^LsJI j ^ . ■. 11 I v*^ ^ i .^^1 k II j aoi 3 jj j (JjLfll jl 0-1 U. 

.LjUaiil 3 iiJjJI Olj^dl.1 jx jruiJI dliA jl ^Ux^ jau .hAVt jl JdAi^l jx 


Yi A 



cJUll £jS\ 





WflllET ZONE 
YJh LL£T GONE I 





luLaJ! J iS\ Q 11 


r-*n 


^q*s \ Lu 1 Uvj^ cu^ ^1 LitiVft" Jx. cJj)U 

SLa^fi^ .l^xLxJI Jxa ^(5^* La<^^ — ^ ike. (3 ^- xa *“ 

*cJLtA ^1 dt^jjl 

*» 

Ben Shahn ^ 


Jl> J » II JUcI (3 LoS 


Tim Romero jjy>jj ^ 


i jrt uiflll <_£dil 1 j-A <3 6 jL^jI *14 (j^ O * AJ (3 Oi J^4? 

^Ull j^JljJI CjIJ>T^ *--o ,JH ill JlC l!> fclaJtm ^J-ll olyui-lll iaxfl ^_yQ 1 Lfl. J^ 

nVlJ <I> ^^valaIIj ^jUJI tJJ-SJI J-SjlII jLtic.1 1 Ai <£jlxulJI 

.(JjS 11 ^jiLil <j!j_> (3 l >1^ j5t q t Llcj <UjLoc.l 3 dJj £-*^15 ( A-oj f . jajljJI ^jll 


4ttift\ Jjgjuv^l) 

Ct^xwal ^iJI c*l^j> u*&Jl Vjl jjx. jljiSlI ^ i^JLui> . Y * * ^ (3 ^1 

.CixA-a Cj1j)\ ii» &^uliX JojO CjIj^ fl 11 ol^j) iv 4 j_>jX 4xL^_jj 4 fl^. 

SjLcj tJK nt*jl 3 4Xjjj-o > fll\ 1^L> 4^-lXo d >,/NN fit I | t 1 A*C 1 |Ij 

4jjj <JaljjftSllj ^Sl^AJI^ iJjJI CjLcLuj <Jxo II ^1 <_ < >juj*!dJJ ^3 4 -wj 





3 '-* La I 4 \ mt IL ^j) 4xi lx Cjv i 1 ^ jua.JI 

.i_JLL=kJt t_ jLa^ 3 1 aX I CjlfiLtu j ^iijvjLj jJIA II 

A-T 1 ^ J.C ^llJI La£j 

- ^ 4 1 1-v l 1 d fl is 1 11 i fit j ((^ux^kJI LANs 3^ )> 4*C i /*T. 4\ v A ^X. 

<jSll ^j (] .Lj) IA II xfljl^jJI Jxo JLuaj^ll CjNI tfl HU CjtjjJ) II 6 jib ^jlUj 

i_i(web 4uiL*JI cjLo^HI 4< C > 3 -x cL^JulII 3 *3^~ dj 1 d ^ "3 

^1 All Jl^ LJLil cN J I JjJ I pl^=h.^l) 4-l^JI J-C J^ll <__fl^>AjJI £jjj II 

\ 

.^^1 CiLojjJI i jjz 4 IN Anj »4 j3>N o. 11 CjL>La-j^I <^4xaT ^JoLIa 

6^[ljJ1 .4^^aaii L1 4_£lxfl_aJl 3 4 \^ 11 ol^J^ixa^Jl 6«J^J ^llxI .La^oX^ 

.^ojliLo 4_zvl$J ^j 4 JjJ 4Jhj <\ ~v 11 O I^jjxaa^L! I uJfclj tjJjal£JL 4jjjjr^SU l 
O'^LL&lq Jlc 4 j 3 L m\ ^. \ A" /n" ^xJI 3*J) > \n \ II 50^ l j SjJl 

DVD Sx*2jJI jjJliIA I .CD-ROMs Ixi S*l^aJI 5j ^1 Js\ 3 .ixLJI jh\ 

^l-qLj^j)) 3 (J^oJtJuxu (Jijj *^l 4xujuJoljjk-ll 6j£l jJt 3^ fl lAII I L>^Ja 3 

3-o 4a A ij 4xa^ lilLlA 3^9^-* cjI 3*((Server oL q^_La-q 3j ^ a 3 ^£LaJlll 

jpji 3 Ij^JI 6 jib v J1 ^j^jlxcSJJ 3^ \a 3k3 .axiJLI ■ L L ^ 4 \y\ 4 11 CjLqjIxII 
.oLLJI ^ .Q i \ ^ 3 JI ^Jxo 4x^jJ I ((pLi-aj^ll )> 3-° 4 a A iN 3j^- 3fc ^ ttJ 3 j) l A fl ? k -^ , J ja a. 
3 (J^ 3 ^ ^ J-SljJI Cj L 1 >^ .4-jjLoA iJiill . 34 ^ 3 ^ 1 ^ 

3 jLA^a 3 L° ^j^iAi»> 4 juoLAJI 4xa5^JI s-LLlNL laxl^j cjL j_A 31 aaj til L^_j_Lxjhq 

f. f. 

Cxxj s 4juaLaJI Cj l ^ 1 a 11 i |jj_Lxx^_j 3 I 3 ^-LAfl_s ^jjoLlJI ■ > lf*-l 3 ^J .4-^3^^° 

• 4—^oiil 4—sliJI 

iju JlXH 6_/U—aJ 4 & i II a uu J r .~'Vl X II ^a~A.~ 

t- p 

iCiL*-UaJlj JH«JI 63^3 .Ij iCjlj^i^jii.LIj i4ASkjlJI 5 . 343.1 Jla <oUjSJ.I 

.i^UJI oic f l. ^ " *»» 'Ll SjjlII ^tiSLiJsl 

3 6^-Llx 3^°^ (J-P 4.1imj JLlXu*^I 4 i\5l Sjlx cl3f>4Juoill 3-coAHj 

M 

3 JL 3lkj ^ j I Jx ^L-o .4 flML> Jjx J1 i^L gr o m3 .CxA^ 

^11 CjLo^aJIj . ilA 11 Jxo 4 xo 5Jl plxut^ll |30 l> 4x^joj^ . ^Lfl3I 

^j5> L^j .4,\5v LuALII 4*\ \ mil J'LA 3 ^ CiLLu CjL fl-La iibjLuxL iulixQj3l3 .4jjl nlu n 1 .11 

.4-ijLo e-Li-tuI 4_jl I ^ * ^1 aII 


Tot 



V* 


(CSR j-OAxuil jAAA pSLo l Cj l s ^ SS J 1 JjLa-OjIa ^Jj j^5L*i ^AA J 

3 4J5 j (4Jaj.il 4 JlJL> CSR cjLl^o^ q^v *^^3 .l^-oljj^Uul ^JLi (Jlj> Lo 4 

. JJjL^O CjI^A_ 4JJ ^ * ^AAk. |xJAJIalU ■ " t LlA. ^1 4 a ^vjLIaJI Cj Lifc_UjljJ I ^j-O (JL^ll I JjA 

(LUIS 4JlLH ^ JlaJLuj^o (J^ljj 6j^^l CjLBj^I a(3^5 U <3 I tl Sj^at^ja^ 
CjNLqLaaJI J!i-a tijjLxJl .4 ,\ % \ ilnll 4JtDi ^ CSR CjI (jo ^^aJI 

4aL^JLuj^I 4a»a^jj LUIS jCiXj t Cj Laj I * II CjLo^Lx^ nijl j JLar.^1 JL^-a <j dl~* \ ,,< J) 

^ ^ O ^ 

.^l$il SjJA-a ^-C.j < I Ja>. J_iifl 1 ilc ja^^JI ^1 --, Jua <ctUj £-jqj »4 S Aft J^g lj^» 

j>j) noH a 4 \ <n (j£LftjJ i^ .4^^111 jj) i-^aJI oLu^A-lu^ LUIS IjIjaj £_a^JI ^ i \^ 

CjIjhQaJ^ ^.Ij^JLluLj ^ax^-oi £-0 ujJaxjJI 4a_Jua jaa. pIja*. j ^1 4 a_LoC 4^^a-lII 

.4jj[^i_A_a CxoH pIaaa-ujIa <^aJ-L flJl 

< JLaJI OaUIIIj < JL*JI lA>*^ oLaAx> J£ Ji^xyaZ -It c Aj>*J 

v -4.:>.jurjI j <CjSLsJ. ij u—u5l.!l .CjIjIjIaI <4-*-oj1^JI 4-j^^JI 

,. t mi \a J< j7i % jj Sj< 4 .rs I \ i^jj^J | p a a j J NL3. ^a ^ J Lc. uu 

* ** * 1 M 

<* C 4 

CjIjUajJI 6 JA ^cujm^ . LxJajI L^_al AaJLojI aJL> CjIjLIajJ I 4^A-a jll ^Jj) \ \ 11 j 

^ * 

jQ 1^" 4 MS *)\jrLfll £>jJ};u 2 i jJ^A La v Xi (4 j ji_xJ1 4 j j\sTS K.11 4ajoJI 4j^^J 1 ^ ^ k 1 yj.l 4 .x-y t \ 

CjIjUJ^I)I (3 I ^JL> ^>3^^ 4Au^ijrCfl^|l ^)j)-u^,l 1 J)- 1 ^^3 .J-ftLiuli jxLal 

CjIjJJ^.U^S.II 3 a i^AJ J r 1 ^ A n. i (*C t^n ^JlC S^Allxa j J i^ll ^a^_3Lj ^aJI 

M •« IA 

Jlalidl j^J\ a j iJ^juu I^JLo 4a^j5j Jj CaJJ ^JlC S^> jL5 ^a£>j ^^jaJjlo ^jaaa CjI l^ual^ 6jLc 

c 

u* 

- > w Jj) (4 a*^IaJI jUa'JI ^IaaJLluI jaUJI 3-° (4aaIaj-^JI ^jI^jAI 4 im\IL >^ 

. 4 fl i J^ I i S Jaa^.^ 4a\ i JflJI ^aIjAJI ^j£- 

^IaaJ ^ ^ v< ^ a t j A j^W 4aJLj 4a^a jpi ( JlC i Iaaaj SJ^-a^I L^ 1^ a JAj Cj^-uaJI OI 

Jx. Laa.^J^11I 63a J-oa-*a^ ,4i'iliJi jIaj^II pLAfl (3 ^ Jlx: Cj^juo 

J^ J Jj^-ll 4 aJLc jjLoJtA Jcliu ^jC. £u>Ia l a vU\ ^a 4 X-j^a /h.a oI^-aAI JJ^j JaJ^a 
,4a'^IaJI jLxa^II (j Cj^^aaa JaJ^a 1 ^ \S a s Ija^ C>j\Ju us CjI^usI CjIjaAo <4aA1jJ1^ 

J jAkJA J ( N ^ Cjlj^ljJ jLxjjuIa) J^I^J ^ * * * 4aA ^AXoiJ 3^ A * 

4 » 

jIa£- 5jJj 8 (JJa^JI jJlC. ^jI_Aj 4_£aLcl!I oi^pJ) >^aSJ 1^ ^.4 ajIaJI (3 4ajLlua^ 4a laC J^^jJLa^a 
4.iiu^^JI CjLlLclC ^jAAw jaJL» j .4 ajIaJI ^ 4aj L./i.i,.^ 4aLoC jLila V * — iSj^"' ^ 


ror 



JaaLuiII 4 


jLlc SjjiLi 4 j iiaIjrLfll 4 -j jl^-o 4 jLjL fl i fljr. ^uLaJ (04ijro^ll Jlc 4 <v \-%*i mil j\C. 

■c6^' 

(4oli^JI oIxgjjIjaJIj <(_£jI^jJI 4 0 \ V\ 4 \ v u~i * II uKj in.ILt Aj lj>A4 a! nlftl 3LiA 

«» ’ 

plvLctC < Jfl a dt 4j^Jaj ((^iiljAJt)) AaJLuuj 4jL<ju^aJI 

(jl ^jja (4jJllLoHJ 1 JJtiill 4 ^JLjl1! ^IaaJLojL Jij>j ^ j>~j) 11 j 

.Sjja=JJ iijljlll 4_^JL*-LI (jjjut ^IL dlj 

3*^-*^l ^u-uiil ^0 ^^iuJl j>» aU 4jl /h < \ji.II 4^tuj\fl II (iljU^JI oIaj^ 

t>JjJL» \ 11 ^.IaaJLluIj J$?i\ j\£* ^ mil ,31 4 aLu£kJL> UuAa j) * a -v 

*pl fc-vl MRI ^j)jJI Jlx. Lxa.il 

5ji Aj Sjj LbjLtujI ^AJ 0^1 Sll ^^jIaJI ^^ILlu-o JLC. 4 /i» L v\^ 11 4 lfl~ /iil 1 Cj^^M 

^aj (dLlj .L^J 4-usIaJI 4 j ni^aJI oL^_a-j-o Ig (p^J>.a.j 

.4-klcuC. 4 v\S*j 4 jjjLIJI 4-luJa$J1 jIaaC.1 Aaj 


(joiaUI 


^1a3 *IaijI^ I^pI <_JLiJ1 3 (JWjKaJLI 3 I t^jjj-JuAJI JjjiJI 3 

3| Aaj * ^J (JJJjIaLI tftln *Y * * *\ 3 3^3 .CuJI 3 OI^^jlju^LJI ^jja SpLfl^ 

p ^ p 

1^.1 *1 "^ .iijji^a Sljl^ j) v i^ll 4 0 >a> II 4 iAVsl 1 aHj j| i 4,a >11^11 3 Os3^ 3 

.SUaJI 3 o^L*_LI 3 J-*au L£ >U\11 3^ 3 LaxoLauI -‘L/yjiLV a*CII 

((installed base » *^ J\ 11 s acIa » J^- 3, 3 -0 SpI^SJI <_ J^-3 


iJixJpLi^ja 4^fl jjJI ^Ijj| dUj ^ .iijLk 0-13 Lo 4 _jlAjjJ 1 JjLjJL 

.^jJ^vitAJI ^j3JI 4 jl^J i.JcSl 3bj^U 't 6f3=^J 


.4-XU^jJ»-P tjlJ^l^l^ 4<J ~ .rs (_^jLc. 3^-XU^ Y * * ^ 3 

M •* 

6^)1 tC ^i4>j *p (] ^ <r> 3^-1 j) v va*\ AjO j^jJb L^ 3£ M U11 

.SpIjUJ ^j-luIao jJL) ojL 3^ ] 33f VAf 3^-> 3^ 

^ .(Jill 4_xuu 4 -LaluI^j ^ Qj)i^lL UoLul p(]"3~J) 1 * a*\ ^_o < »Ni Us 11 3fcl q" 

^aLxaJI jI^o ^aj 4 \ ia\II 41 111 _ »1 ^ujLdXl oL^-^3 3^ 

.^laSi 33^1 3^ 3^° U^l 3^^ ! 31 aj 



Y * ♦ 4 


cjLuIjj j 13 .jJjull i*3LS> 4 -Lluj^ courseware i^LaJI gja>LJLl 

CjLuiiL jJIj SpI^DI <Jj-o 4_lxuLuj^H Cj ^ a i >_i^LLaJI ^j\ 4jl>J-2w 4_Lfi'^Li. 

Lo» 4 -i^jLL <^\!ujJ 1 jl I % 1 • *i dljfl ^xiQ 11 ^c, 1 oTi 11 ^ ila aJ 1 Cj LiJ'wn^j 4 la .up Ib-> 

b^J 4 jitaJI ^1 Jl -^b b° LA-^J^ Ji ixxijj 

^jjo ^Juii-jl .Cj blu-u 6 J£- Lub Ij^Jj.fl pI-J^I ^jLil 

Jjljlo jJjbLJlu 1 oliAJ J^SLl (LaijLuJ (J l Wj I d Cj /i It 1 ^ jJ I ^^JUjJI pJOJjjXI 

4 iniLuj^jl 4xa-Lij| ^ ^viuJI 4^jt3 tCjl^^Q j\]\ CjLjjIJLo ^J^C- 

i 

,J 1 4 UN 1 ^0 jaJj*-l_lvJ) - 4 \£l Levi_Oj I 4 jl1^jJ1^ id jjaiiuJI 6 jL»-.mJ I | jJulll LjLuCUJ ^J1 

.4x>1 Jjj^I 4_ujjJ-LI d \ A. 11 \\*f\ I ...I t 6 pI>JI 

JixJI a^slj” i<ifl i_i.-i.uLu Lu ^jLfc JiAi 4_uljjiJ^I 4 _jjl)j J_LI^ 4j LlO2 hJI (JLfl_lal lj,JL> 

•* 1 *•» 

. 6 pI>JI 6 ^t-£-o iSS"' “' * ' I U _L^ I CjLc^xLxII ^jjo SpIjiDI c«l *^ ^ p t 


5p1 j t^jli^ll 4«Lot^ 6 jjj«ua 6 Jib I b j. Cjl^^-iioJLl 6 pIj>JDI ^ulaj 

4-J^CuJ 4jxA\l^> JU 2 >^|t Cjb-u 2 rJlj .^GpI^ ^kJLJ Lo ijLC Pj) iA11 ^ 5. hJ Cjj) *^j ic^lkll 

^jljfl i^i I CjIj) \ mil (3 ^ ^j£- l^j^C ^AaL».U ^jAaj ^1 ^SLjj) .LqLclj 

4jrnj ^ UMI 5 ^3 *SpIj^JI CjLl^q^j J^C. ioL j J^J^alLau «i5 <_i*blJoJI u' L>° 

P P p 

pLJj!^ (J 1 Q j-yg \ 4 la Mil^J 

t (■ 

(j^jj-*-^ ^v^-usj-xIj Spljill (J uj'J-LJI (jl cjLujIjjJI Cjj^-Lojb 

. 0 ^\U 41aIJj1I 4 \ * a mlb 4 ^^t^jJI 

jlAll LoJ-iC uaj CjLoI^j CjI a *Jliil Ju> [< (J^-) Jaj ^c. ^jJjljJI^ 

f . j 

.(^jlfi ^ol (uiljjjfc 

CjIjL$-o ji VJ} ^ Vj) <wU^j3JI .JLoc'^ll ■_>^-1 (j^o Lo^-o Ipj^. ^xaIxjJI ^ iJL ^ *J) 


*^j 


f » 

(jl jJjj ^1 ti J t^^ll ^JoJL>o (3 Sj^-ta!Lo 4jJj)^ nif! 6^)Li!lcLi 

.J^-l Lo LojIj !-»■' 1_ajl(311 ‘ a > U'j - ' II 3 'j IU11 SjL^Jll ■■■ a oj. 


CtlSlx^l 

c- 

f UJ L^jJykCill p^o jk^jLaLtJ jJlc 4cj-u*j ^j-Jla3j 

|\^La. t6pl^>-Sjl CjLbLcI ^jjJI i t i^jllaJI m^. ,t ^jLt (i J^-iIu^ . \ ^ 

.^^Jl bj. 4 x.^aJoJLI 6pI jUI ^uL&j ^.Ij^JLloIj 


Yo 0 



L to" /i.LI a^ 1^1 


^ t f, 

Sj* A J^l iiS\\ ^a£^1 I ^j^s^ulA I (J^-l ^jA I ^1 ^ja 6pI^> 5JI cLi^fl^ 

Jlc ^ dL) i l>5\JI 1 jjJI 4^. 1 ^ ^ i Sj?(j ^I <^jljjjJI 4jlq3jjq t 

M ' 

oljLi^M JlLa <_£j^ll ^ fl j 5 ^ 1 1 jJLa -11 ic.^dall tJdG^JIj (jjjj iliA 

4-^.Gil 4_3^jr^J^I JjG^J \ oG^_i-L»^j 3 pIjJs (3 dJj£ iliL. 6 J-ft 3p|^>5Jt j j 

.oUb^!! £-1 ^ 3 j) J Sj^ah^-Ll 4 j11lu^JI 4_i1LxJI ^ja ^^-cJI d-o 

^ o 

1 flV\ m ^iJI 6, *ufl II i^±L I Sj^-^-l ‘-*J^6 z ^ 1 . wll ^x. Cj^jGJJ i^ja JjjjLc- Jlxj 

*dLxAj Ga ^^ a ^jJq (^3o 3 j Lujlo 3 iijLLI oLlLaJI * ~ 3 5 jcl 

p “ ~ ..... 4 

£a Jc -1 Ow 3 ] S^jjrua 61 ) wnl °->'J .GPS ^j-lLaJ1 d^-^l v i, w~ ^Uaj 4. 1 15“ ^ 1 . K^t aiA \ 

4_luo 3^3 <_£J O^-u^j JG^I J’bLa. 3^° 4^dJ,l Sd^iLl Guua^duJI L^-Jcu 

.aJSLjjj l^iLj ^jJI nil! SjGiJ <_jj>Xa * *^ I ff/Sjp^i \11 (jrijiJI)) 

1 M 

6 jlx. A ux * n-&.L* Jl 3 4ilc.l 3^3 ^jLa-J <j <^ M l (^1 jl — AJ-aJI 

Mr ^ ’ 

4J^_cL> U. ^a,II c^fl^JI 3 ^ v^ m" ^jJI <^<^111 AdSJJ d- 0 j* ^ «ull ^ A ^ A 

j! iLub^^jLA Ll^j 6 ^Gjc.G (Jj 2 k»tull 3 p 1^-5 Loj. ^Lxi- ^ w" t .i 11 ,^yuljJ! 

. Sj Luj^J I 4 i 1) Cjl^j^a- 4^j ^ " 11 j^jusJLj 4jjS Ij-a 

C^Sl 3^-°^‘J .^O-^oJJ 4 _i^LucJL! 4 j nuj^JI JLu^j^I 4_il_c| J-C. *(] Jl 6 JUb ^oiU >9 

^iKuu" L$_>Lfi dJtli fl ^S-v 1 i 3 (_> 4jkJ JLfl-j La 1 ir\ J yu ^Lcu_tu’ s i! 

.g'L. xu Jl jJLo ,3-»jjL5JI ^xiLjJI 4 1^ t nl^j I Ir\ J 

^ o 

((j\_ujJI Cj^II)) ^uxujj .^)Jj) 1 iXi\ II [$ \Q ^ \ \ ^jJI gl=±y£i\ ^j^Aj 3^(3 ">■! Oj»-^-L> 

o 

S v Q i^Jj 1 W \l I 1 ^ w. t 1 1 I .;. , ^jJ d ill 11 - ^ * 1 ^» 5 ill! G Q -fit 11 J1A31 (j. fj Lu 6 JUS) 

jG^JI ( j ^-j o-La. <jj^JI JLiJU ij^jLl^JLI 4J=lxu1^j JUJI o-s^-iI 3 JLojuLuj^!I 

.6 jib ^^-IxoLclq JljLllxul ^kj I 3 -lOaJLi ^clxuJ j^xuJI Q~S 

^1 (_gi ^ nt^k II » 1 G t^ojucJij n t JJ 4 _lxuLxu^JI CjUIx.^11 JjG AjIJ^ILo dljj| dlGAj 
LajI ncG SjIx. jx^jGLc .1 o^Gdl I ^ I i ftmij .^aLxII j-c Sjjj^aIG j>^*JI ^w<r> 

p o 

. d ^ > U r dlini J d X.Yll G^^Jjjill) ■ ~| -V \ <s~y\ \Cl\ d -V Cj ^ j,^o | .Kj'yjy 


G (dJj -^I-V^A ^NI ol^Ixo i to ilAj 4 (J-udsLflLa GJm,-k ^j^jQGtil Jya 



Y • • 




t J fl > a-uo < jj ka 4 ij \ \^ *N 1 * ^ KVt ^^.^LLI u-fiHLgJl 4 nfll ^IjlLjLluI ^1a Sale 

4 i in ilLi 4jjLc SjJjB .oLaJJI ^-o S_/ulfI £ 1 I Li 4 4 -uLjLl)L> ^LLJI 

.L^J A^Ia j j JL» I 1^1 il A^iLi ^ jJlj <4 >X^A.44> (cUZsJL-lL Jjj \\f& I 

idle lj>^. Sale (j AuVn j < jj^LtuSlI (j ((u-fljLgJl» JLu^jI 

44 

ac.LiILq (j^jLuxo ^a_j Sale Jaa_^j ^ ^ ^^a oLei n\ 1^ ^-1I 

(j^- 1 < SaeLail allxll ^^Iuja ^Jx ^Jx t^JLms *_»j ULj aJll&3 

oLojiall 4 SLaxu ^X iej^A (oli-Lo (jjl) 4 jlcl5j e-Luiul 4 j.aA ^Jx ^lll ^JjLlu^ 

4 * t 4 ' 

.(jLsJi aajUl jliso ola^ ojsjj (3 Sa^^^JLI 4a5LLa^L!1 4 jJLL*JI 

a a-v iS\ Jlj *:CjNi •> Ll^ ti-uShJl (j^aJaIojaIJ j^-iJ1 < Jx ^ 

(JLuaj^ll $3^.1 ££^=4^1 fJ^lj * 4 ajI v iM 11 <jjal 

.^_»aJ 41^ a ^ l I 4 \ as\ IAi 11 

✓ 

aillL lid idle < encrypted jAjxaj JLx.Tjl J£ jJal^Ji ^^..>j 

ca-lujJ^ 4x>qI^>w^) 1 oLJllLI A"" <cjLc.1 11 j a I ^iSlI ^ . io^xJ I oliaLi> 

L.,.p jJ>-J ^jjHq j^LixlJI olji^i /^a 4-xfl I.jxI 4Xilo ^j^oa •% \ mj <1 (3 j If. S^^juso^xk 

jJ^II jJIj j «iJl5 

^ ^ ^lj piiiu^L ^Lil d. t in 1 i~>1 1 ka t 

Ji jujujIj jUco Jx- 6aib iijoojLflJI 4 jl^xjj-LI itaJuJI SJ >^.t »-I ^lallml ^1>^ .ajo Jx ^o 

. xj a j 11 StiLJLl |aJlj (Jj ixlxJSlI 

(LoLqj 41aLoJ1 4jJLAauJ |j 4 \ j^y\ Jl olli-Ji Sale 4 dc.1 a\W ^UJNJI a j A~v~J 

^yllI 4-iajaJI v_fl^e^ ,4 uSja LoLdS 4 _LqLllj ^jhaIIIj ^jjjI. i.a,-a»’SLJ 4 I 5 II 4l*j >-llll 

44 

dlVs. a > uua 4juxII jlfll CjIIxj 1.^ \ ~b. a Cxlrv ^j j^uJcSI I JA l3l1 I 4jL^-j ^1 Jj^JLj 

»4_LoI^ 4j^tXkJ 4 _lxa1^j ^LUI 4_Lji LLq 

c< 1^^uiil aju ^Jx ^yul^JI ^LUl Lq_> 

kCjL^JI *- k^ ^ t iLxi^il /X )) (JiiaHIj Lui^^L) 4ifltll1 4JI jaI . {j* ,\ iaII 

.ajLujJI 6Ul^I l^e jrli^!l c-lJl I(^al 

» _»L*JSli j^iuu t4x3^S 4lufc ^Jx ijoijLi ^ jl ixl1 j l^^ ^ 

Sale cla\ |^J| ^~-w ^jSlI ^-jLI ^jI^JI uXjIx^ Laa 

^Jx ^ Q lQ ^ II Cxfi^JI (3^5 ^ J) ^Jl 4-iile Ij ^jX 


Yov 





jUalS^ JUxSlI 


Y* *\ ^L*J OJ^Q yvimJI CjIJ)\ in 11 Jill 4yLi.l Jl (j^° Cjl ^ 1*^ 40*1 Jl fcj 

uUnl 1 Jlc <LpjJlLI ^ Uv w 11 { _\ \ m \ ^jj^aIjuia Ijlibjjl^ L> jLloILsI 1 x *u 

jl * «n^ll ^jLI.a 5L>1 yliilj .S-Jlil Jjljj^H t3^ aj i-axfl (3 cj^^clLujI yii^ly .cjLo jAJIj 

4C J^uj Ij^jjl A VCI 4 jlj_£LuO L^J ^jJI CjIJ)\< ull 4_il J_> (3 lA-> jl jla 

' «t ** 

vj j* v< ^ 1 I ^IaC^I (jl 4 -JIjJI I y ^jlyKill ^ a a l^-ol jl^ dlJj (jl 

.jyua jjJ_> 4 jL>LuJI ol^JI (j-o y\j£ (3 j) \ \11 .~>i ^j\j jLlc oIcIYju?> 

iflUDI JU~o LfliLl in o i in a ^jLu^lfl^l Jjlyjl jj^T> (jl SjL^Jill CjLj^IIjJI jfl"> <in 

<j_llx. j IJpi,» I qLoj)!* 11 J^I^-ujI (jl ■**« K ~^J) - j* I jl Q ^H 4»j-4juLiil Lfl.Vl 1 > y 4 \ \X mil 
(j-o i .flJljLj .j^l^II L^^jjLs (j-Q yiv^ (J^Luiu cj jl al ml 5 jaTLII oWjJI (jLi <ju> 


S y X iijl^o ^Lll fJLxJI (j-o ._>y x <7»II O^^Luj 4ju^L^. — ^JLxJf ,_ijJt.ni 

.4_fljJtll (JlC jxjULII JjJ^JI jLu^lfl^U Jliil Jjl jrvJI ^ a — (JjlTlaI SLl^. (J-^.1 (jjo 


aLUI 

w • w 


(jc vl>lj)Viji SjC. 4-ojiILo L)yjjIj .L»yj LjLualsI l^jl-uio L^jLillcL) l u~\ J jA ,^ll 

tj^-LoLxJI xul CjIjLl^^ 4 J-LalAlI JLq (_>ulyj ^I <\\£t?i I i Q v<~ II j 

w p p p 

AjljLu) C.t^ 1 t/AI vJjLuuyL<ill b*±Jb (jl aX.j 4l-fl-iI JUill « "v i7t 4 ^Hjl »_ulyv^JI qLujI \ <iij 

* ^ M 

.(JUJI j 

jy < 4 jjj jjl (j-)JX.l iiil ly .6ytlilxo J^^JI j-C J fl A *> .->1 flfli^ll ■ Q.v^\ J5^| JlC 



4a 1JI J ^i iill Sj^i Cry 

* M 

CjI > 4/A i'll y < JSLLII J^, ^j.mUII 
3 Sjlx. J£.LxlU 4^y.?kAl I jy_jucJ I 
^[s^\ 3 4CjLo J)l*ll (JlC. j^UJI 
.CillijuaJI JflCj iillxuSlI (jc 

p p 

jjJcLul! ^_JuloI \Q Ij) 

(Jc LfljJJ 1 \ ii) Lxu I 1 I'-N v /Iiy 
4 CjLqjJjlII (Jx. 4^ojLDI CjLojiJI 
Cjl jUiJI (j-o jUaj j-o 

iluj^ ptliCLujI . 4^. Ill I 

olj^llj yy^jjl j^JjaJUuil (j-Q (jl 


*JL 


.^acLuudl 4 _uLujuJI ol ua? 

«% M 





YOA 



























Y * *4 


tMsggic Lax Lcj i m 3 uuSI J&\ Ij j\j * * rK. 11 ( j i _c * 1,1 pIj^ jSII 

M M « 

£ 

.^iUjjl ^.u 3^ 4 jjJl!Lo tMichclICi (JajIu-o^ JjLfljLb ^ fl 6 a <3 4iiL u?» iajLi 

3 3^ JLsfc-a ^IjLill IjA vie. <„ Jlnll JZLujI Q1 \ tf\~\ mil jaai^aj 

,uLu>! rtJI 

ijfrJ. jjuftjl *4 via Lii)j^JU ((CjLo)>^ (u">^ II CjLJ rt mo I^tlc.1^ 

JLocSlI ^jLcu Cjj,^ lr> illljJ t4_ijLo c-Ldul 4->l ^yaju^H 

4xjLqj? i * 11 frljuujSli 6JA (J-^ 3 -0 3^~ 1I Ji^oul xd .pLa^L lU 3 ^ ^j^J^ll 6Juk ^.^J) 
if.loxfc'dJ 6j\xo pLiuJul j 1 _T\ d J pt vX jdL> t4_ud1 j^J51 0^1j}-a 3 «Jjfr'ddfl Jbli* 3 -'° ^xJlJ 

CjLo a J 1^1 iSj^JoLua .LdJI ^JjZ, ( 3 I 0 L j) 4 X^vu»i £j l p-l^djj 

.4aJlx 4 X^-uj ^i JLxd ^ 1 a3xuj l_» 

6 JA 31 3 -C- <LijLidJ! CjI iLqjiJI 3 -° S^l^jl dljAj 

dJ ^jo_tu-k Lqjq ... ^>jjj j! * ^ 5 \ 1 «. 1^0 ^,^_J 1 1 IvC «»'* 1 ^ ^ *. oL^dill 

£ P 

j^l t 6 JAl.mll ^1 tSf-l^iLlJ Jflxo jLdlxd 3 ^ jClJ ‘dJJ _/X- 3^9 .JijulXA ^/X jauoa 

j^jiaLo Jfl\ll 'J* Xfl .4fl ti j]Lj Jfl \jC\ jU^Luj! . CjI^q 6 JX ^1 tSjxj £Laxuu^!l 

Jl 5 djj j \X 3j *(5^ J& ^ 5 ! itlc dJjJ Jlxo) ^ inSll {jA 4X.j)Q^> a ^1 Jrvl^ "v A Jx. 

^rt^xu 4aJl 3^-Jf ^1 Jx ^1 t^oLi. \\x\*\ Jx Ij^-uaio Jfl\ll 

p ^ p 

ml 4xJ)a^. a ^I 

jj**- ^1 » (jxild! 33 ^ Cjlxj)a^k 1 3 l^iaJI J 1 aI 6 Lad 4-»^i 4X^ dtlA^ 

.4 fl.l7va> a 3 ^Lai 3 JajJIj SLxaJI jXj Lx_a 3^-*-ll 3 

6 j 4 ^.^!I 3 L^jJcl 4 jLo 3- 0 S^x»^!I Jjloj 

^ *» 

|j ~—- M-aMj 'Q lg *i^ I tS^u^il JtU Ci'jd h'j (Jl ■—p ^ ' (3 gw o d- o j 

• U^> 

p £ £ 

3 I a j .ili^-Ldl olilmll olj C-i^LvjJJ LluLluI t4j^jJI 3^>LJ1 ^Ijddjuwl Ijj^ 

6 JA ,V ^1 (Jx- L^jljIjLj^ 4^.^w 3^11 CjLluLllls^ djjl *3 ^ 3 jLm^l ^.Ucaj 1 l 6 jj 
JjjlaJI 'il tdJj £*3 d J t xuj^ (jnl^d 3 I vdllS..A> t4JOj^dl 

.Ullc 4^Ad^ SJ^il 

« « V* w 

3 j>iii < v. O — d^mjLo 3 fJ^ JLa-«i>j ^ y-Lixaxu J s l 4^^i> OjjUdj 

.4jJLclxo|^ 3^-u J 13 *-^ 3 3 ^ 3 ^ 


Y04 



(J I -^I^L 


xHxJJq 4-ujLdudl 


* - 


j tiiU 4 > i fl d > l/N ^ l/\*vJ | | | 

c.i* v »* * jo* ^L> JLuaH^I cj! i\5*\I 

*• «* 

J-iJ^Jl jlmii^ll ^X. Ijj^xfi <L^-xq JJX dlLjul) jXpx^i ^HJI 1 5 Luo till 4jJLaX 
CiLflll jiLla Jx Jjd !1 ^ 11 JIj Lc dJJd p--oj .4 u/v% <nll oLLixll 

p t U \ I iliULlI j«\x ^/lCLujjJI CjLuJU 4aX Lq jjXj 

^jluujJI 3 CjljLflil p .Iau jALui1 iJJ-^JI ^ ^ Iq^v^i 4^)Ji. 3 dJlxfe^ * 

’ 4 % 

■ jXluJ a yotjll t5^5fc ill *pa <JL^JI jjX Lo£j .^Jxi cii 

v» 

e <* t> 

■jn v 3 ^ 1H^ -AAj. W_l\ JdfLllL 1 J^L<LQ |XJ iXll ^jJI jLfcJj^l ^^JuUJLQ 

. > ft t-l-L \ 1 t jl< H ^jjJjLfcol J ^ ^ j cT\ tiuO fluJjLJ 

M ' 

I 1 Ula pSjLflll p I in (31 Jj-o LujJI 4-xlxu Vjl 4,fl.>laJ I 3 j^aH-uuuo tilLufr^ 

p p p 

^jLu yX jpftl 4 j 1 pXj j .^JLLojlq LljjJI 4»jX Lcu_^.’^! 4 fl jlaJI p'p ^jl dll j £-o^ 

^Juj.11 >.■! Ij 1.UII S JxLuxll J'bLk ^jjQ Lxuilxui ifl. xLxll &JX J-ixa^ 1 pH 4 jLj <li-mLuu 
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«* 

L^jlaj j\^ 4 Cj 1 ^)Uoj 3 ^ (3 7^ A ^ 3 < ’* - A J 3 . jLajl^I 4 _aj^Lj 4 Ai> 3 4JLlAJ ^Jal^o 3 £3-^,3-i) 4 -jJLc 

• 3^1 SLlS 3 Lg-C-jj 3 I *(* II CjI j)^v^ J!Lo 

3^0 ^Aj 4_i_u.>j)^v li ^jq cj^LfciiAJI <_vie.I.Sj^sb^jQ JI33 'w! l^J SjjU ^c-uliJll 

SSjL^jq JLcul 3^3 ^3^1 oli<3 jhiJ JI ^.IjAJLujL) cjIpLaj| 
3^Lu^li ^1J1 4 5 ^UH jufl‘^i oj). 1 LftfvJlj ^uljJI Jju^Ij j >3^Lv3l 3 41 a it_UJ I 4JdJL> 
aLojaI dlLu^ . \ 11 j-lajGJI J 3^3 ii (} Q »> 4u.i 4j^j-Ju jel i4i x\ t L^J'Si 4. 3- 0 

.Sjry^ Cjl3^^ 2^0 <34 3,^1^ -11 3 jJ j o 1*II (>-AJuaA. -u Jl 3»_^i ^* 11 4. A «ctl A 

jU v Q v Q_^ ^LA M>1 J-C pL^ jSlI ^jJ£.Llu 1 4 hi 34 a \-v" ».«yn ^ 6^f3 

p ^ p p 

plij-uil^ i-oLaJI ^ A Ail I 3 -a 4,1^. uu 3-0 Oi-fl 4^3 4 C^A^jO jLl^l "7 () J “° ^ ^aj 2> (jl! J 


(3^° 


4|^uAj J^flj I \ a ((Llju^AJu lj"j) > » ^UJl «.*11 a 1 4 ^JSj 

£tiuji\ jJL JJ3^11 3!"^^ 1 3 4^A_*jj^aJl . LqLoj 4j ia A ill till j 4 _l<i,ij]) ^ II 3I 

..hi \ JLab. 3} (J^ <3 (3 ^ jjU 33 - * j0 

^Lljuj CaIj^^J 4 a > q Jijj £ • • • — 1 4_Lfi,i^-a> jl ^ ^ 1 4_L4 >.ij)^ 11 4j-uj 

V .^4AilliJI 3 4-AjLuvrw 4j 1 or ^)LlLo 33 *1^ Y * ) ^^jluJI 3 4juoj^2hJI SjjJ . la^JLaJL> 



Y’ 


4 \\0a (jl 4-fll jAiO (id|>La-aSll ^i) (jxxiaJJ 4 \ m j)a. II 4 iK 11 SjjJLlI 3-45 

.^■tJLldJI J^-C. ^yQ 4jLiLl N * ^yC \ 11 i'V II 1 tl 4 1 <»I1J) "V 11 

JaI^JLi 4 & nl^ laII 4 \ jii^aJI &3^a.l J oL»^^3JI 3^ A (Jja. 

J IjuLuJ jJI d. jC fc^JI J^L^JI J\ \jC\j .4-U^jrtiJJ $3$ ^-1 

.4-i-uu^aJI 

4i^ 4ni^«ll oK.iftll o^> *xu j) i II ((4jhjLxu2bJI pi iLqaJI» i_xlcl^ 


flll 3*49 ,£*_4 AlU J-C SJaIxII ^LtOJ^I £tl. 4jLXU^JtJl 4-4X1 JjflJi Jiflj tijjLSfc. 

<J L^-La 3^ i4-u^uc^^\il 3 * j-ljSLII 3° t—fiJLu ^tll JLaJl OJfl^JI 3 LaLoJ 

4JUj£ oLa-oj^l^-aJl CjI• 4j 4-u^LkJI OLj^J-ucxxJI La O'bLuO^ 4 v\ l,t 

P 

d i\ is*l a II pl^JrJI ^ ^x. g^LvJI 6 Jl& ^4-ojj ^ ^j^5Lj 3 I 3 ^3b~^I 

(jU La JL^I * laJi ^ ^jLloj^IJ 4-ul jj\\ 6^-fl <7.JI 3 I 349 .4J^jl ^-C 6J-oS.a.11 

fl*'^ I <jiaLiil isj-A ^o (_5*i! ii jJI 4 a_j Jx. oLjj vj-T'J II 
XiAjj^uJI <LLaaJI ^ JLa-d-xixJ^ . P LLJI 3"'° pSi 1 ^JiixuLdJ Jlx t'V 4 jU^mj 

.3_jL cua tkA. ^3-)b“^ iM 5-LaXati.I 4 jlu^xsJI ol^j-ixJI 

P 

45f^ S 3^' (Jo^LujLj Jl jxySL 1 1 L^i ^ CriAj SjJdA. 4-ilfl^ 

b >v< ^ A1 4-iJLi ^a oLuj JjlJI i^jlLc. 1 C*l^ / d i j-K. 11 J_c, JuCxxjo, 

6j-fti Jj_to aaa. (3 5jl pjjaJI oLa^o ■*-* ml 

•6^« J* j 

4ju2iLahJI l a (3 ^~~ 4liU-aJsl 4jI^IHI 4-4X1 IL> 4c^Ixdxil Cj^lSlI ^ t U.*\ /.i“ 

ol fl .v.\LajJI (3 4 j j>0 1,1 0^1 ^ 1 6dA JLaJUucxil ,4 4 -i-uj^^. uI^ja a ^C. 


.3^ IjdLuj LaL^jI -T 1 xuJ 44-LOh^jJI 4 -lLxC .j 4cLx 4^Ji *3 4x4-^La. i 4j^)La-jJI 




lxUI 


Sjt. IrkS fl 3345 <■ V ax> 3[ 6 j j 14 ^ 1 11 4 ^ ,^bj tifljJI 4-iJlj JjJLi 4^ ^.uxalt 

3 ^ Lc.j) i mi 3^ AjJLi 4^j^ iuoII Lai ^juLiJI .oLxi^l 

sa Sj^iLlLI 3^- ^Iwi^lxijLi Cx45 3^ 3 SjI^ a.^ja 4 ajuoII jLfll 4 axj 3 (^)xj^3lLi 

3 j)a.jll ^jjl»^ ^ l,i,^k,.i.4,n^il s^jlj 4 -jls^^ji jpl-b^b i_ ~\\ Ib .CiLb'ill 3^ <3^5 3 ^-q 3^ 3 


YV\ 



(Jjflj Mill 4 '^■1^1 


J'iLa. Jj-Q Sjiljia 4x^11 <L3^$JI Jpljj ‘r L ^ £-‘ u -° f"* 

.4 i*s 1 iii^UI aC.A.l l 
*• * 

plj^lxuLi p fl ~\ l^ \ .*wx> djuca *L£jl £j\juij>1a pi Jl^JLujL) pjJ * jJ I i_t.lcv 1 ^LaJiJ pju 

LJLx j^jluJ I 3>^1 < ^%xU ^LuJjviAJ ^jjUU^JjJI ^-aS| I i_jl,lo*i > LaJaX^ . Ci Lsl^-AJ\J 1 

^j£>l 3-3' fll*> ill XI ^1 4 ~h \ iS\\ ^-AJJLo ^JUJI (3 3k3 -a O‘^ JUJUJ <UJUoJJ JuaJ.1 ^>i_£OhJI 3 

4jO£jJlj jl^Lfi^l JjLuJ LjuQ A^"11 3 jXLSjtAlJl AjLjLAJ p i\ 313 jjLiXLA p.fl.fcA 

«3'j-*^ , n 3 (^jLa Jjlj Jx 3^° LJlx 3 S 3^* J Ijufc 3 I pXj <4 jxLox^^|1 

. (J^ 3 pLx JSLau 4 jlxu^^J 1^ .4juu^2bJI 3j? A v ^"~ JAt 1 *—ibLLiJI (JSI 

3*-*-lLJ1 jrviuJI JLajJl ixlg.1 J ,jjU j-ol 4jjJ ( _jjuuJ ^jjl ...JLLJ1 3 ^ 

wt 

«5j> tiA k fi jLjlc^ jitljL $.a auj^I 3 p*$-»LS^l uJc .\ 3^-iAjLi 


CjUU^I 


^jJI^ IViH ( Jx* 4x^ux>^o SpIjJB — jLijI p.lfij Sjlx jliaxll pA^ 


XilU 


p_uj 4 _JLc I^JaAJ 4 _li j) oLml mr*. (jo ^uoja 

3^1 olc^ilali i-tlxl itv-it 3^ ■ Vijfl jXj t^.ft jlL^JI pJLxJI 3 Lu^j lj -53 3I plkdl 6J4J 

4-»jUu4 fl \lai^JI j Jjjl p'J^JI ixj^xLJJ 3 OjLua 

S jx Lull I S 31 J J -u*Z 3 .Ji\ p3 3 x ^ ji* o Jj1\j 4^:Ji 

o I^ju ^* 0 3 * J 3 ^ 3 Lax! I ixul I 3 ^ ^ 3 ^ ^ jx> S p 35 J 1 3 ^ Luj^^LI 4_ii * 1 1 

3 ^ ^-ujI^ 3 LLxJ JjC. Lusul ^I\iJI 6 JX> ^ \ ^ ~ j <‘~3 - j ' 1 a III > 

<Lf j^ll fJLall 5Jlx l^l 3 jjv£^ ^LkuSil 

^.\ i j 3 JjjL=^0 Jljj *1 L^J iiSLulJlj 41UXA Jl 4,^ oLxLaX Oj^-lo 

.3I-LAJLH ^X)LL-»IjS/I 3a 3 J\ X uT\ 4 >X*UJ 4 U ... Ij i U>Q fl 1 (3^1 lAli 

.^ u~\ 11 oLuax Jtli*. 30 3 jjJi\ U SjLc p*^J 1 ^.Sll lj 3 _s 

3 $J ^Xj-u.jll JjuQ 4jlfl ujj _>j 1 "V ~ H \ j Mil^ Ll 1 -k > 1 ^)3 ^ 3 ^ pJoui dLufc^ 

^a 4 uj ja; ik-iij ftLflJjj Ll 4 .JijLuio 4 _»j^-j 3 pl^ilJl 6 J-& 4.Th-i^Tt Lo 'lJ-=h. dLxA 

pUj^ 5JL*x ^ a mil 3 -^i^ll lx 3^1 4_jla 3 4x1 jj oLLx-j .^jxjoJo JS-Au 

ill |JlX L^A Ixxxujl 


YVY 





4JU>j^ll til A £jK .Jo mil J^Juiua ^^L^uj^II 

^Jj) v>a^ H 4 _lS ~*~\.} <_> <r>f. St£l ^ ft ^ 11 J^Uw J^a Sdlc jaJ'J-mJI J^dJLjuaj^ 

^^jOjucJI^ <^-o a J 1 Jxo CjLSLcI (jLfl <^Lc m ^9 .^jU. CjIj 4_u^^9j 6 ^ 4 ^?*^ 

.Sj-LJ^ il'Jj CjI j L^_jl |JlC Lg_JlJ_la_u 'Jjj <UAT^joJjQ J\£- jJliUjuJI JLlJlj, 


JUaj^l 

.(^jLU JjC. jk ill j^slj ro (_^l *-a c-z^i ( 5 ^ J* fl"> <jl 

.^KjO (J S a. 1 JjklLuj^jl 4.1fl hi dll j J.^-IC) ^jjl 

» n 4_jlc 5i’H!l dlxjJI (3 Sdlc A 1 * ft i_&LgJI» olll5Lc 

p ** i, j, * f- m 

jIajJI 4_jj'blj \ is~\ tl >~'j^ j .4i>au.i CjLuj*ACj 6 i^juLus (JJ2. - (J'^La. ^j-a 

£ 

^Jja ^jL i_^Jx. ^,^-a! J|J L&£ ^ mil JXUU 4I ^ (3. $ »4 a.-i-llAJLI J)J^ jua.lj 

dll d) .AjjLouI jp-oa Sd-a- (Jj-£Xfll (Jx. ^1 ^ ^<11 

hi J 4^oiAj Id^-^a C&** ^1 j^l ( M ^ , v tit Id I Loj £JjLj <j 

Jn^.jJI «CjIc. 1 /n Vjl» .^xlc.1 eJtlJ^?u ^ JLuajI J^Li. O'* * ->a 4 jI ^1 <_£jLa 

.<_j^ 5 ^x. Ljlo 

(jl ^l^JI J^a 4 Jl1I 6 4jJIc 5 die S^il^SlI {JLt^aS^l 4 j,,\5.j ^AxAUj 

'CjL&UI CjLuiIjui c-dcSl 4 \ m\!L> 

ft* * * * 

plal^JI^ <<LlLLjiJ 1 oLa ji*l\ 45Li.A,i JjIj :» ■; <l I j <Cj^J, -*fc.JLI g /. 11 Sc-1^5 

^ JjJ) 1 j Q * 1 * ^ SLila^ jIaj^I ^ 4S[j.-wJl1I j j) jucJ 1 5 Jj^>l.ma q A m^ll 

ollu J 1 Jlj aUAl J j <(^ 1 * 1^1 

6 JL^ Cjlcf^'vaj <(Lidl^)J>-a> ^Jlulj di Jj-Jj)-^l ^_o ^1 tdixajflja) 4jjublIjrvfil 

^ Sd^a^il o^l 4 -lLIjl11 cjUjJjlII 4^ t A. d)^ 1 ^ ^33 <oUol <maII 

.l^tjj ^1 La^IjjjI puj ^LkJul ^1 <5^0 ^.1 ^1 <olj \() ^>3 4_»l 1 11^Ti ^1^ 

(^9 Lou ^ .LoLcu 4 * \ S aa S^j-fll^Xo Jali J^_ujl> SUgJLLI 4_LxtiaJJ1 4 ^_uJ!j 

<0 nallL jj)» /all 4^jl (J^ 51^1 ^ a 1 ^ ^ f> 1^9 ^^JuuJI (jjuuoJJI Jx. \ ^ 9 ! 1 ^ \<i 

• 4j^iajJ^9 U> mSlI ^ u oJ a j < 6 j 1 jh^J 1 ia-jJj <J^oLuaJlj ^jjuLuia-^II dii J 3 Loj 

^ 9 ! dLdJ 534^1 JyuLoIj ^oIjrLfl'ill 2 ^ 1^11 4_L3Ca-uJ1^9 4_tjvAxll l 

^jjuucJJI^ 4_uuxaJJi 4*t»i \\ /jLfl <^4_i*.a-*uJI CjLuiJjlI^j S^juLJLI jj^Jull oLajdc) d^(3 


rvr 



ij tflTi tut I 


3 4-JLjLoi <Zi\ 6dA^ jJSl^Jl frjj) 4 J! t_il Wu (j-oliJI 

^jluJI j£A\ 4 \ i>>\-k llj 4 i rm*\ II O^UjJI iiLt£s^lL» i ( jjJraJ 1 

i^L^juJI 33 ^ UjIc (3 (J^ Q ^ cj^JLuAl 1 4j| 3 /sl<(-vlL\ j 

4ua^jLqJJ ^ja jJlc o^jLojSil IjLA SjdiLl <Lu^5 ^juliJ1 


\t i^Ti aSjtj JLoX^I 


.jLfcjJ^llj LuaTx.fi^I J) rn ml 

(JiLaj tSl^UJL lj^-^3- 0 Lgx^ii IsjUiW o'bLoLxll ^yn cO^LJI 4 \\ lc.^11 3 ^ > ^~~j) 

6Jjj*JI £-£ l*ja ^ ° £-4 ^-jSbLskJil (3 (JLuajlj JaLauJl^ a» 1 Lj 4-aJl£Lo 4_xJl51^ 4oj^l^u> 


di ^Luu^l ^jl <4 ^lLqjlII 6Jjfc (3 jj a ^ ^jLuijl ULc dlLlA .4 \* 11U.II 4Jl1I 

£--o 4 jloLL. 11 4*i^ 1 i.jUUI Cj^a LaJLI j 3^ iS^~^ '**' nus Lfl_>dJ ^1 4jjJ 
33 -Luojj^ 4.lxi3-i 1I 4_ -t _U1 dc 1 <nlI ^oLijj <4JloJI 6d& 3^5 4-JI oLu-ojLJu 

■ 4> inlAil jLxll JjLu oLxjj jrL> Sj-uuLua 

3 C$>=^' JL^Hj , a jJ r^r JL ^1 S^All £j±> £j[Z^SJJ d^3 <Ji\j 

.le-ik JI A*lcj I £ \A.-a. 3,3 0^“° 

.L-»jiu JjiaJI l£ 3 ^ fl * inj ,1 la > do. 3). £-t^^o 4_J^ll SjLSJI ^Jcij 

£ 

4j £j^oxul4 j\j£. Id& ^jl ^^,j) 4-ii^-U uk SjUflJL ^Iill £Aiiu Lclii^ 

Lq die 6j 1^ wnII 6dAXuiuQ^ LojIj 4-J^II SjLaJI p 1^> ^ yGjLi t^4jus^p-uJ 1 \ jjLC, 

^tdiJLujlj illjLfl 4 \iS\\ juu S^pUa oloSkj-4 It)^ . Jj £-ll dlll^i 3 j>^ 

l,da. 3 ^ JllAj .jp^Aj-a^JI 4 ia 1 n L^_lS ^SLaJlJl LuiLxul j< 1 ^ II 4_xJ Lj Q l ^ ija. II 


£-£lL^XIJ ixuUxxJI 


.pLa^Ij << 2A^ ^r^ LXi 3 *3^^^ 4 _J^I CjI xjin^ AJ) £-^q oi-fl'^Lc. 4-olil 3 Idi 

6^j,d=^ ^ 1 a ijJ 3 ^ 31 o <<-^1Sdn k ^ 3*° 3^' ol "*^,3 

"v. ^GjG T~ ^;j) Lq_» Jdilll iLli Ijjj 4 jll 11 * 


■ 4_US\i1 6dA 3^ k_d^L3h> J^3^3 ^xCj 0**^ 41 ^4 Vlia 3 4_j^Lojuq 


rvi 



Y • > 


^Luj)!I j ju ^. dJSJl pI^j jryI j &l_^3 ^IaJIj ^Lj^r> jo Itw 

.L$3c 1 a. v 1. w~i , ** ts\W £jja > ^jLluj^II pl^jJl qI^jaa t4-l^! pt^J^ 

(3 La^LL d n i/v ^3j Ajtl iA-v 11 £jLJI (3 p-vlj ifijj i i,c/\ll pl^J ^JyQ ^3 

^0 iuLou^l c/bLol a 3 .11 uli^Vi d-Lo^SJJ jjkLtaJI 

L^Jj-iLua ^33 d_J^Axull £>Jl& OjI^ : >y i ^-3_2fc. (^LJ^LuiX 4j Lij-JlU ^ ^ ; 4 b j3^jl_5j1 4.1*%LjJI 
3jLa3-mlj 4 ^jLojus 6jL^3l ^l3j oljl^ii-11 Jya jJ-kliJI t jh^J <_uL=*. <j^3 .5J^H pL^Jj 

,5JSll Jlc. j f>3 % II pl£dil 

v _a.,3 « ,.! I j3l dJ^I pI^ju 4-loLaJ 1 ^ d_al_aJ 1 . 1^11 4_laI^q SjLc ^33 

tLuji3 Lfl a\ 1^>^ ^ 1 ^ j^jLuu oLi1a3j p()3i ioj) i^"w 4 _>Lq_^ ^LUI JjLa_j^ 

jJfU (JuJUfiJl ^ £-0 4-lC. LclI^. i q 4 t ml t ... d '.Afl 1^3 j£ 3 3 -lu 3 4 t i>*s-v II 

.la jlic 3 oLLu SjlcU 3 j^i J£J 

^-fla3J >L&J\I ciJLiA 1 ^ n -d LujJI 4-iC Laj-a.'J I d_LdJi Ji^a va3i.i,u 

jl^i Ojrw3JI 3 ^ a 1 * lo 1 ^3 ^1 J^-uJll^ 4 ^lxuL oj*j 1 1 

. x j33JI L>1 lAfl (3 4_oj jjaJI 0UI33JI j-f»~ «<«" oLuais'iJ 

^IjJI a kL x\ 11 1 (j 14 A. \ ^3J| dJLajJI 4 xlcSl d 1 ^ 1 \~ 11 j^allxJlj d uAa II o J-fij*3 jfl.1^ 

M M 

j^joj {(4j^133^!I)) ^3 p*J^a 6 jL»jlj .Sjl^II u-jl <n3^lj J-gIj»JJ 

.jIja! mLj l r^..juO Ij 'i! ^ya 1 Ij) m J 


jjlAJI 

SjLcj .jLa. ^Li3c*jl (3 ^o r <<\$ ^-*^5 ^o 11 (3 (jj^tjunljrLa^jl ^j^jLIAJI j, q .Icu 

J\ Jl Jl ^j^liiJI p'J^a ^i) 

6 J£-ULj ^j^qaLuu ^111 Cy** 0 . 3 ^^ C 5^0 ^Lloau^II 

M 

J dij-LJI Jjja-ci dx-Axll o^lSn 6 Jjfc ^^ 1 a"\ dCjI | ^Joj=k3 LiU j £-£5 .^3Ll33j ^j[ju 

.icOJjQ Cj^SlI (J^9^3 {j\ 

J^jlliJI 6 j^3jd t L5 -5-UAijllJ l{£j ^a\.W J^-a- u33j <Jj)( 3 ^ t.l 

.ilSlI pl^ j j j^jluJI pI^j LijL*-> ^julJI 


YVO 



{_jj.fl_lAU.li I 4 ^ *v 1 jA 


<(&jJ yil _uly*JLi Lmlfl>ci j 4 . 1 ^ tflij\Jlj 4 \\a 11 pi^v>ll ^ y yx. 4 SL^j j yd <3 

4_uj^)LoJLI Sl^L^-a ^yJI 4 41tdoIjrLfl^/l 4_u^jLdJtl <o^j 4Jy£ (3 mi 

p 

.Ly^jj y ^jlll |JLJI yo JJdl ,*_a £_2iyi yc Sj-lxjJI qL\ii1Ij «d 4a 45"w 11 44 

ojjJI 

aIa^JLojLj ilSl) yjdl (jro ♦ 6>i-ua Cilc^-a^a ya yiLi ya'bLi ^uLlu^M ,,UJkfll 11 

ial*JI JL^^I o|y^ ^ ^ ^ ^Jjsu uCUlJ lAAj 1 vLv^" ^1 5j 0 itp j I aS*T\ I 

.1 titrsfc. 4^a,.Ufl li ^^y.1 (Jal^C. (^)j iCiLkr^..^jdl .^Ij^JLojLj 

4a1uiI £jo — pljut^ Jl p ^ ^ ^ yULu2k l(3 ±ym * * s — * <*d I 4jtJL> Sy>LldI d -w I it 1 ,__ t Ini 

P 9 

. 1 ^ j Ic 4jj^ ^ a sylla 

l ilrdlj 4~i ml) 

J-LA 0 i7l liifl y yjj ; a t^^uULlJI (j 5j fl < n 11 SLlaJI ullLc, ^_yC 

4_i.au Llu^ 1 oLa11 d_"v.U_^ a oLjJI £_a tj^ll * * JL>. yj 1 A (] Q y <u Ij)i <n j-JuC ya y^1 

yLuu^ll ^a£. JrwuyLa -.iIq II yLbj-uuJI JlLo ^ 4<tfl ill O^L> 3j? _>-aJtJI 3 ^ Jflj.ll ij 

iuyij (^^•. wa* ,>) jyii i^LLudi s^yji 4ii^ yji 

jljjl 441 au yo Jil ya i(yaj- %u-*J i yyiJI) iyliJI 4-ic. 1 j<^.lI iyyjl ya Jyll 

.^Lc 4 jLU ^ In^k" y> jljiLa_i 

dluxijJlj 4jjiaJI 4 _jaj. vV^ 11 d \\5 _l1 jL^u^II > i 1 1U jk ah ^ 111 y^L^. (3 SjLi^ 

c>a ^jic. ^yitd yjjilyii c-ijUii ^ ^ syiya 

yj. 4jjlS^o^ll 6^Ub J jlxj yl .4 JjLa 4j j \*aJj 4_ul^oLi (_^y.l ya|^£- j!$a % % 4dCaLdl 
ycxxoaj il kVl^> 4 _luj 11 qI iii^jr\ a 11 SaLAll ol^^LaJI j 4 JjLcJL1 j t 1 i La v-^. 

.4-JjjJI ya^ll O^IISJ L>° La l.aS, AI ^ 0 I yj t4 \ * tf\ 

yy va^ 11 y_c 5 ja"h 11 4 ^ Jl ijiiyi sy^a.1 ^ l\ “ i 11 1 . ill 1^ i I—I 1 |UJJ 

SjUJI 4^^,n Jl^t ^j^a-au yjJlj ( _ >U j‘iLUj iCjI^a j-y, 11 j loLdiiiil 3 4 ^-a jJ»y 

■ ~ 1 ^ ~w \~i.l ^ ."il i i^j" II *jl -V ^ t ft.iA >ni ..".I 1 ^ \ Ai .^ 1 1II Jl isLi'JLj . 4 \ n^X'j 

.4^.^Lxll 

C 

TV"\ 



Y • 


4 fl fulfill 


6iIa I jl fi-vl 3 cj 4_*jL£) jj^LSI dllft 

2 9 

<^111 (^[ --(jjoj 6 Jj» ^L^ll jJLsh. Jl 4 \ <n tlLi) jLjlLI £ja J)fl*i" 

p 

3 JJLi ^ jaJ Q1jJM) 11 11 (jlj ^C^ dllft^ .^Llal 3-*lll 4\ tit 

- P* ^jui^il lift (j-olU* JjLa* dtlft 2^ jS> 

w «% 

3j) Q 'V (jl jilj I t Jx. J^oJlxII pKHJ 4-GlUI 4 H 4 /uqLLo jLa. ill A |XJ 

^■sloJI (jo ( jjL*3JI 1-^.V^ il^ll *1^1 Jlj-> Ja^JI 3 44U J.l.j.1 ^J 5JSII 1 

^jJI (jjUJJiJJ ^j) II 41'blx. ^X ^1^ * 4*t^ I ,^a"ji 


ILUXO oI^jluj j-uliX lift oULuul 4 fl ml Ulj ,^| lift 111 X\mia 

«* 

S dJU. . U^JLuo dllft Q nuJ 


.^-u^j juiLaJI JbbXI Ji£ 411 aJ ojlLujI .SjxLlo ^uil dJ j-i-ulq — j-lIj 111 

.1 fljfl ll^lVi ^)-=d (J^oLa. cli cul 


.LSi*ji\ 3 dll tj&atf J^UJI 3^1 4 jla 4 ai ^ fj 

S4JU. i,S ^ 


•y*4J£^ uiXuaJJ J>a ^ U Jx 

• iildJI JjJ-uj dJl ajjj 

^^juxiSfl t^l^u Jlft J (4lft LIuj ^i\(l SljAl olft 2-4 ooftj 4 JIa ( 5 1 JLc. 

.l^rnj^U J£ tjjjjj <j£» fJ tflij laii Jail .^Ut 

s’ 

.LL=w ifij 1 

«2^ljJI cAjxJI 3 4linjJuo Lgll 

9d I < a % ^IJI Lo 4 Ai^Luj Li 

«4j v 41^1,1 jj-oijjXt Oft-ljJI ftJ ^kjU dlU 4Li£U^ft 3 ^ illdtoA 

«• «• 

JS L^lljljl 3^j 

p 

•dll 3 x. 5>^i L^jjJ 3 ij ^J 463 I 

. Cxlxuj JLflJ <j^juoJI tLxj-la 


YVY 




iJjlCLjumII "vljfrl 


(jxi 1 .dxoLkJI O^^ll 6Jjfe Jl dj jJ dj| ^j-o jrLflJLl <j£j pj 

.^ISousI aa.1 <> CuJuyi Jl JLftl&l J^J Oluuo ^u pUJI iWij J* Juaa. Ail 

<>a J£j pJ 
.^Jlu ^ *Ld&l u ^K i 

.<j ^|l CijLc o lA pUlIJI 4 lj di^ <jl jJal 


S4~ 11i^jJ- c *_o dJj CuxulaIu Ja Cj'4 

‘cr^! k <f a* a ^ d* 1 * 

mm 

S^lic J\ dllA <j£ Ja 

J 4jla ^ at malt V Cuijru'jl JJ Jl a Us|l AaSlJ a Olaa a ji pLill t-ij tii'n 

.^ui SjJL Sensorium Ola mall y £ja j Auua .lulu 

S^oljlfl^ll I^J 1 ^jjq f- IjA Ja S Cj I.» /11 ~fc. J^j^a .4 n @ 4 ^jSfc-cu *^j 1 ua> IJ 0 » n dJj jJ-lj 

djJ .LujJ J^qLUI ^iuJJI ilul ^jLaJLJI ^ou^jl oUuiAll ^ij-o tbLxs 

^-oljrLs^jl ^5ljU diaulL <tjl dxuLxj 4-LbQ a SjjJaxa 4jl51 £-o £J^oj 

^ toLxujjJI alj^LxuL J Ija (jjli _ JaJLs ^jLoxuit 

** M •* 

| * 4» .1 I . * •* v I ^ t “ ** 

*♦ •* * 


Spi i <i>"v 11 J>£>^o (J 4 La.a t La 

** «* 

,jX djjLjull pb-ui^l idjj^XI dfcjLaJLlj ^jjaJL jJL 4 o^^UJ uilj «&jl 

.ijLuJaJI jjoj ^$iu jL£ tS5 jAI J .5j%iiLjdl ^xu J 

4 P P 

.j£A\ ^Jlj Jp.xijj 4j| j) A > > 16^1 i 6 ^ 51 

*Ujru^ jLajaI .feiSi JjL^j 4jI ^jiai 


SoLluisJI 6 ^ i (jj) A 1 f 1,1 

4JJ <jl£$ -ftjMI J LlA (J& — iU^-o Jj^o jlS ^ 

,yt jhtl SojLq JlC. i mil ^ Q^AXJLU (JL LA 


,4j J JLs'JI 2^1^Jl CjLuJfc (xlAlloilu 4jL^ jj^=. Jl I jl ^ jl 





c^aJqILluI 


YVA 



Y- U 


djulJJI <>, I^ALj JiA jULusJI ^1IJU^I fcil. 5 JI Oliu Jl aila UuaJ «lj 


T ^ 


4-usLkJI dLfcj <dbjJ ^oIjrLd^l 4jjj (j, o^JI jjxlcu J, Jjl (jOJ^-s tCu^.a 

s^julL 


Jl ^-ol Ijr^fl^l ^J&ljJI lifc ^ II ^lSIjJI ^jjluj i^ju 

^ ^ ^ * f. 

91 < A * j 4 fl ll'v 11 olvLi.ll 6 Jab J£ pLa-uaj 4-aJj dJj ^jxaJl 

«• •« ^ 

t ‘\ 4 j jl 5 gjAjAJLi t\ll qU vj Ijrt-fl^l £jaljJI ullu ^<0 Mii Jao 
^iljJI g'Lo-ai ^ Q Q lil^^CLj .bAjl iu^j-uaiJI ^jAju p*gJ jl Jl JLflia^l ^H^jj 
i*t\\t\ p\j&\ i+y> Jlc KuAII !Vt<^ .^GJI ^IjLfl^l Uxflljj ^SjS^II 
CulS £*jJJ Jx ol^uA Uak dJU .L^x J^UIj LUliJafy ^AlJLS^I jJiyi Jx 

.dLx& J J AJ, IJJ (JJULA 

9LAj1 4_l1a dTv tol ia 0^3 /rjJI Lq 

M to • 

dJj JlC Jjaa 4jt Jlaij .ULflhl ^1JLfl^l j-Sl^JI jilo JIaj jl£ ala 

.JjanaJI ijuSLi Jx 

<^->ll>i^l ^3lj Jl j-ol <jt j a5 _lil t jJe*T 'i .<U>)I ^1 (> Ijdio O-uJ 

*• •» » " « ■> 

dJLibl oiljj Jl dole j£J .LoLoj JojISojI jJiljjl j JajlS *Ct5jJI J^Jo ajXLuu ^| 

.JLxol UjuuI £-o 4 K i<tt,l 6jX Jxa UujJ ^jojJ .^L^l axfc j 

— *^i 


. uK11 Aglll A £ 9 LgjLl 5 % A iua Lgjl *^xLU j g at II ol«» Cuu 

*» 

91 ^ /11 a \ > LabJij Jab .pi j\-iJb Ijab <4_tujLtuJI J^ju J 
S^jAI iftJjJb 4UL U>l jXj Jl wJu^ Slg mflli 

.LgJ 13 * 1 J ^ 1 ^l ujl's. 

tfj lA I gj,.\l9 dUjJ J*v Aj <L&j£2a o-ujJ ^1 jJLaxu JUaI jiJ .UU^I JJ j JjlsI 

** •+ 

p 

.it^Lxu oloaJI jj^q u£ >j La Jb-uAJLi Jjlaj 9 «LaJ L^l >£-1 oii^> 

« 4 V ♦ v m V ** % ^ 4 « “ **v » v •• 

2^21^11 J dJj J^ 6i^.j J-^ 


YV^ 





4^. l ° ~> - ^ O"^ ^ •2^ iaJL f 

. LJ^jI Sjm £1<LLI Jj^jQJLUJ ^tLA £->Q ^U-lI 


OJjLo g nrl m 

.^1 JLirt 1 L$jLS J^JLA. <> l^Li < JL^ (jj U ^ji* Ladle <j jl 

JLib^l j ^LjlU Jjru ^^iil JjjLuluj aj-Sj jl <Lg.xaflij 4 juLu jl Lot I g iiuu 

a* 51 ,*! U3 ^ ‘(^ Oihi crvi^iW 

V <ul*ji jj ^Ldi ji^i 5>o a^ie .^^1 jt*! s>~ iuifcwi 

** ** «t 

%*** tsjU Ji ^ 

.ejj^jlll JLSil pjj 

-<_Mk o'^- c ‘u^b • gj~ w ' > 

«• «« «• 


^ « » 


* <r 


U* (ij* O* *i ‘J 1 ^* iM -d^ ^ Sa Sh JI *j»I^JI (fciijl jl <V 

.fchkj^/l Ij-fc 3 4^tjxo <<j4iyb JJU yLt 

94-LU^^JLo <1 -V J jr^j 

5Ja fl U Jj^l oLLuialll ja. 1 L$ll > h nnlU 4 ^jj%£j QaujJ 1 fl-V<.l J^ S • ^ ^ JJj 

.SjUI 6iA Jib jl .<£j^ 1LUI <Li£UJ 


SSjLo 

* s 

5ijULuall Qljj^xaiJI J*o J\j^Lo Iflji . JjloJL JdadJ Ot j (4l|A r Lgjl <^ju 

.dL&Li. J 1 q QjjJa Julu ^Ul — OhjLbJLI I flj.cmut — 

*■ •* ^ 

.L^J'JLA. j^cu j5 ^ * * 

(3 ^ ohjUaJJ 4 jJL j-c jjujj ohjUallj uo liA 

*• *• «• 

d^ xtijj 1 fl irt J£ Jjrtfti i*Lf> oi^w (j -"«j5i ^jJI .jti I fl mfl'i Jjtl p I* 

.SuXUit oU^ixLt 

<ia&L*'*1\ ixiLJI oUJjdl 

ft* •• W « 

*>,•1 <\<T jjujJI .^<-v g j^l .^LaJa ^(ALa LajIj ^£.1 >llJjJ .(jli-o j L^jl <^ju 

SdUj dLu JS Ja <jj! 



r* u 


.4jLgjJI 3 dJj J£ 4 jjJ j /it 

«* 

<i t^Cj Ijl SdjUall Ji^3 JV 1 


ji JS jl jfcl dJiJ 4<dJj Ujllu JLoJa^l 
iiaj juUUJI j£J judUl j* jrtiiil dj| 


.dJj 

sajj j*i jui&j Xj 

.die. I Ml aUl jLuJ Lft-v *“« jxl jA CiljjUoXI pUUI 

S JjLLslI pLxJ'J CjLl 24_0 O (^1 Jl j-jOJ jrV-^ J ■-<■> « aJ ‘*11 'I 

j ^_aSj3 LujJ jl£ j j&s JoA f*Xjj .dJj J*£LJ pJ djl jli^LUL ^-Wil 

jl j ail. J^SjjjjrtJI j C*5>0 0*4 Ltf jl* dji ^jlftil Jlij .jf-aUI *UII CiljjUaJJ 

** ** «» «% 

^IJi jXl o^-l -dJj Jai ^jJI jA 

.dUj <J * fl t _Lfl ^-«Liju*. <jl 3 *-l «»I 

. 3 ^ JLc djt giifcl 

Sj^iuJI Jj-o 3 K ^^ii-ll Ioa 

V* 

.u ^jIauXI 3 * ^japIuu 3^j lj -4 Jl &jLa» 3 K A,U 3^* ^J ^ 


^s sjLUH ^LU\ \ Jjloo-o J-^ 3*^1 *Cj-<x^ii 

*2^^ J-^l 3 A 3 *1jdi£ 4iJju 4VC I i^JU 

p p ^ 

ScJJj *JI <4 11 (jAJl I ^Ijj^lJ Alxuu>> 

.cLui «^JU 

t ^ ^ p 

^ p< 3 d u'<3 3-^-3 3j>=*^ Ja <3jI 


Sj^^JI J-iAflj 4 jI .j-ojlII 3- 0 3 maLkJI 3 jjfcj 3 -iuLui ^L^.1 3 ^! dJLiA 

^jjoaUI 3 Let bjjiu 4 bij J£ ^.A5j 4 jI .dJIj^l 3 * 4 51ft ^L^.1 3 I ^ijX-lj «Lo ju^ Jl 

.^1^1 jsiyi 3^ui ^ 3 ji joUdi 

S4i^La»ja 6Jib Ja 


JcLiull u!blj 3^ 3^ LaS d ilc jjjj 3^ ‘^- 3 >ljfCfl^l ^JLaJI 3^4 4 jl j^^fl (j^uJ 
.jLuuj^I SjjIjIa 4 Kill a dJj .^ 1 IjLfi^l 2 - 5 IjJI 3 ^ ^jSjS^JI ^bil 

I ° SKI % 11j j^tuJI 3 ^ 3^^ 


TA> 



JjflTt <all A •"». 1^1 


J^buif J «dJo£ J (jjjxLuitl <j\ t^-lcI Ul jJa 

OjLS * JL^ <LI Jxj . 1 lj-ol dJj jS^/l ^Lill ^jxLolo j-c 

^4xubljrLfil pi IjJlC. Jj_5j Jjfc at iiulj^uu pljic O n mi £l Cilia Liu£ 

S t>a jj^^H <jl£ ^Sll 4»jl 

<UjL» 3 oti^ lit LgJ JSL. fJ iuljr^ull ^ju oil 

a_i Sa jri^ «ti v« IjjI iLJjLu CiLs^Lc LgJ aJ dxustjrls'^t pIj jjtJi 1 n'i n 

SLSUJ.L j ' ^ a ^a "■ »_o dju-ft-v iS^Lc 4 J tjSLj Jj IjU 

J\ ^.LaJI g2(jjl j 

P 

*dijJ LujJ ^ujJ 4jI j 

Sjj^!I I jub oLaj! IjLo qjI 

s. * 

.Lil dJj l^jju «jl tlldUiA 

S Ijr^'J 1 ull J-C Laxuo ^j 4> („Jj^ 

,4-Cj-uaj \jJb Cl Q iiil^l jJLl t^JU 

. Ij^.u> !^*bLxu L> 

tjJ'UJXlIjrLfll ^jljX 4 jULLj \ \ *LoLc 4 ntn% (3^9^ ^ * lltM 4 | MlVILi 3 

.^j\-ul jjuj ^jlix 4 jULLj N ^j 

Cul ull.tr. IjLa .IajLuj **j. a^I ^oljrLfi^l ^jl ^,,^.^1 cUj ( jLc pLaj 

l^Qja^ll *^1 JiAs! l*hi lit A 


... j Ji^ 


«■ f 


,^UdJ4 IgA ^.gj.a.^11 gj^jl 

JjJjJI .~.-n.~" ojjl f^\ i( j a . S 11 IjjJI d n i o ~> II ‘LS'^LaJI ijfi I ■ °~ Cul (jj| 


|j| JJ^LUL <6\ .dUlaJU JjJLu jl QJx ^1 . JliA j^Lfl <U{ <Q 

%% 

.J-uilll tUJ^C jj-° 3*^^ 3 L -^^ IjJ jl (jJluj 

• STDs (jjuVaJLt Jilj ^oJI jl 


VAV 



Y • \<\ 


■ 4J.A5II (jA ajj (jj .Uao. 

•* 

.Ijal jj-xj JjJ 

^jjxl LcL-JuI ^bljrv-fl^l ^ua]| i4oG 4xJj%^j it i ni^ 

M «* 

.JjloJLj U xx Jl jSiAxo .djihlc jisl lldxS Ail 

. 1 Lo^k < o 1 * uiA 31 (3 t j-A 

inII <LujLxj ^jJjuj u uiAlml xuJlxJI Ij-fc 4 j£UJIj tfUU 

S^-aJI JuC 6jd5 4 J 4-jI (j\ a t j 

dj^xuJI iujLaJI £*a .dUj i(£ ^ul^l ^jX ^U15 u411^1 4-ujL*. Lgjl .^rj^ ir> 

ii J* J 43A3II J£^ ^ail! jJaljJI i ^ xo-uJij 

pAuu ^Lll i^UdULoJJI 4 nih Jx Jxo-xj tOLua^Jl j-o 3 .LqLoj Jojjino oLSj^l 

«i ** 

J* jSl 1 ^Sx 6 ] USiA, ^ j£j.XX XX Ji SUxJI AxAu di& SjLtL Usui 

4,^0jru V * * * OL-ujxJI jij-o ^U5 tdJjJ .^uJI 4 -ojL^J 4 WitilL ^jjulOj 

L$j} .Lo 4 -iujLoa J^La Jl J<4 <i j L&jLii^t &li ^ILll jl tLfcjLii^l A\K a\ ^IJI i&jxall 

** « M 

.U xx Jl AJUi Jlji ^ 

Ssl^UJL 4 jLlAj t w 11*13 LqSj Lq jjc j La 

9^x1jrLs^/l j-fll^JI 3 Sl^LxiL SJ3A3-0 ixLTL^At t^yjju Cut 

.oLsuut=J( 3^s>° 3 3II 3 

.dlj 3 4 K iALO (^jJ jjJLuJ JJAA j-ol Ijjfe 

*% ^ 

S^q-q-' ^ 


.dJj dxfiljx LgJ^Lx (j^ ^'.'.< aj i 5 jjJa AXxLxJI (j <Jlxt> ,_yjjJ 

«• ** 

?^Jxa <L,ji isL; Jx. ^IJLsI ftlii. 

«% 

4 jDljSj jrLS^jl .4-UualjrLi^JI 4 j^j 4_fllj ^lc i^JU 

43 J — oljj-JI (j-o ^ 3 ^ JjloJL j'UJu .&jjfe LloIjI 3 ^Lc. JSLau J 3 x 0-0 j-ol Si^txJLlj 

.SjuLujuo ^ 0 111 Sjjj j 33-0 

S^UtfsIl cxI^JI j JoijJI J lit. 

4a1a 1 xlxxl 


TAt 




4n u 4 


SSl^LuLL i_yn.-b.Jii 11^ ^JSL^JI (3 ^JL* 


S (j\.\ ix^> IyLfl*j I 4. vl^fc-j 

4a£ I Lo I jib (jXLiJ 

i ^J^Li^l Lo <jj1 


j iifcA ^liud i LoJfc 


U'-^J 






j^oSli (j^uJ iftiai <j£J «Lo jL2k Jl ja^. SKLaJlb J^aA jJI — usMa^I dlLfe t6jf 

•douiu ^Jb 

,d,niOt Cut JUJLI I Jl£) J| (_>jl^HI jAii > dujJ jl dJj jJlU 

Sdij£ O mil 4La jl^ JJ Jju\ft Cut 

M 4 t- ^ 

S J*- a ^ 4 11 4>iinllt -V > ^jJI Lo <t>j\ it_fl^)JLJ Lu£-J .^JpjCSjJLl J\£.\ L Q jpu 'l >i.iv 

.Lfcj-aiS jLftxl) (j*a (jxuJ .LoLqj 6 j5luui Cu ^JlII 5jfli<i Qj jJ 


S^ll jllj) \in \ It ^£. IjLo 

.qu-bits 4 .la£ oLu olio 4juiu ja£L jJ&xuiaau ^»a£Jf Ji jiAaHI <jl jjai ^ 


♦ Lo Jj*. JJ ^j^ol JLu^l (jl Lo£ jAii 

^ p 

oj^JI £ajL£lc <j-o oLujI jj^y ^£jjJ ^jjuLJI ^ju <j£J .dJj Jjil <jl 

■O*jU0 


S^uLLo L^jjJ CiLLJ-uJ! jLp <jAI 


S 4.i u^J i 4 O' U11 J_C ^lliLo ;. *) Jj ^ fl mi til 4 5 % U> Uac t *l i *^1 <1\ »i% 

*» 4 * .a! j 6 Jtag-i dJj Ijli 

tj*o ju^LUL 4 JjlaJLj ^^ILfl Jails 4lt .Ua^jJjl^xll 4Aa>Lill i jA ll*.ua ( jxuJ 46 jf 

*>x * \ x 

jj-a^l SjLtXui JSLjLo <jjoj ^jj-flJI Ijjfc ^j-o JjjSlI J-flJtll j^ac bjdaAAul 

♦LoA^li jl OjLa. J Sjhjutll <j& 


YAi 



Y^<\ 


Sol >^k 4 K <iifl Culi Ja (j^| *C5 n>^^ S^o LoA*^^ ^1 


-* - 


Jd (oLu-uAU jrjxo v-JLb 4al (CiLa*o^j u^fl 

tf . « ' ~ + ~ s „ , „ 

j£jj Uabjj ja Jli 4ll . dliA ixoLxJI <j 111 Lb jLi JjloJL t 6 ^jlxc 

.^ilc ayy mo il Sj-ou ai^aJJ jlj^. 5 jL 5 (Remember York djjj 

.dj^j CiLoiLxl J< 1 jLU 4jy mil ^jiUl <J 4jjLaJI b'jJb Cxs lS^ tlwu% 

S N A ^ V J 41 ^jO Jj * \i^5\1 <6^1 

^JJbjx*o oL^ll 6 lib j J^xau *£ a n 51II Jjjbdl olIxI jl pljjLtiL (Aju 

«« * *• * 

AJUaGJI 4 Oj 9 (J-O JrVTkl jy JaU Lo JLA. Jl 4 iG '«« JJ J lv ^~ 4lG (jJj^LuUJ (Cj^lSlI 

Ijj* llil dLLb ^ fj 4 jL 4Ja^t JiAil ji (dll Jl uiUajj j^J Sjbdl 

. jy ^oau ^oJI (j^'vml) 

.\A> r j dllA d>li 

fl ol^ll ^jjjJI 4 o,,lAlo 4jUftfc pLuslcI (j-o j\ 1 £JI jl Culi yillj (^ju 

,^jS lIIL jl LaIau ^la^G j^a. (gu auaII Cj^I j\j &£u 

tf 

S ixsJala Ojli ^>SjJ 4ij^. (J^[ 

A A 

^vxoiy i ^03 (ay, Lx) 1 asutji jx o ^o mi l^ii .dii jsi (ay 

* * # 

t>° ^Jb dj^J j£«JL 4 ^1 ^ ml ^5L1 .OlIjl^-aJI &jjb y>».> J djLuj ul mil IjL4b (j» 

A A a 

4 mfl*t pao y (j-o J-slLLo lyii ♦ufiLUullj dG- 03-0 4±aiLu> 3 ) 1 AaaGJI 

•f^yi 

jjLS 4 jL J^fiJI q *\ rij OjpiJI I jib 9 .OljbiA^t Ji luoa Jlj-o (^ju 

V i 

.BWA ,4jI d-° jfJ-Sa aid LS^ 


.Biowarfare Agency ajj;^) o jaJI aJLij 


S4_fl'JJo[ yi (5*111 I1 a d^ (J^l 

(jujjddl jLS .^dyLo ^/lc jjiol dUufc jli .^jLt Jjjla Ijjjllal (^ju 

CjGjjujua Jx ^jLuulaj a jJ-Gj Jjua. Lo «^/ui 4^j jj jaljlo Cilj-fl-Ia Jjjlo 


YAo 



J^2u xul .1 


j 2>jil £IL* J ^ 3 -uu ^ ^dJt j^jj^-oJI j^Isu j-c .ojjjlLo 

£JL jj1^4 JJ oJ ‘jujjdUl 4 jI jl j iujSj-o iklS g-oUjj tiA 
£^bdl Jxa JbuuxuJt jJbuJ! jjlII j-o oLcLju gjx jju CsH-u jjtiill 

jjjl jju . J Lo IjujuI j£j Iiib j£J .4xLui juujlj *LajLoj jd.Lu jLujJI 

jl 4 j JAaJI Oj^JI ilKj oAjjlu^I i^^bdl Ijdfe ^LuilLuil j -0 £cLju 

_ s * 

j-o p-jjJI fifljlc jl£ dJjJ Ol It 111 4x^c^o Jl (^jjjlII Jju jaI ll^jJ^u ^LoLc 
Jjj L Pjli dJjJ tilild ^LuixLail ClUa^^O dllfe j£j pj (OJjlc 

juujlj iLuLoj O-tLui .dJj (J Ijj-alxulj t Jjl5 j-c Lg~ol*i^Lujl au ^Ul otcj-o^JLl 

•* M 

oi (jis: o' ^ -■■ Oil pvitfc iLul CiLoj ^OJI d*Uu 

j iaiaa d j i As C»il£ .jru^J \y*\ <j>aj itLuj JjpvjaCj £»j' >**lj 

•O^JI dJj jlo 6 jr^ Ol juJu .V ♦ S i j pit 6 jiid\ > QblaJjl 

S<UojL»II uja ^jjUlo ^£. IjLop 

jxa pGl^oJI jjjju <Lol pj V • \ V jxc (jil . Jxi ,jx l^jia (jjjJI <^ju 

OJ^f ^fcuiUI 

SLiul o'-*-* CS^J' lx* 
«% 

4a\5I \ Uaa LujJj OljLuXo ^1 mn nil oUaa-o j-o ju£Jf jS/l dllto 

.Lo ^ ji ajii^Ji an juui 

Sjl£ g-lAS 5jryLiuJI iil^Jt o*Lk Ja 

4Ali o L^j Ul j jLc IVna. ^iij I5 julio L^jI IA<a 1 ^Lt Alxu^r «.^ju 

J^iu jil .l^juiu jl llo - .HU^i .4 xoj^ iu^Li ^Hi JaAJL 4jJ 

d^Ut^ oljlojl Jails dHA Cuia «V * > X iLoj .oLcHju SjaJ hflfr dij ^3 j ^Lc 

. j Li ^ cdlS dJjJ 

SjUAaJl jL J^flJI di^aj ^J)> 4 J^JLj jl Will Rogers Jjj j^ju LoSi 

U uijA JS J 4ut *iLp. ^jdlj 


«« « 


I • 


p 4 p 

J-aj <dJ J . ^Llc^q^ <4_> jLixiU 4!><o JLui^ V * ^ X ^wLu 

J-* J- tOA a i, fl ^ djAJ 4 JI (j^JDI (3 »p^-4juJI 2-1 Li J<Llo dbl Lo£i 
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S oLaK 4 jj) /jjJluslEj t (_>Li£ 

.3-ftjLuJI iLaaVl (^3 ajj Ul£ Ijl ^(1 ^xLaJla 

* < 

S 4 ^ ojfl i_L*_-o 4 _jul> olj *_>Vs — Jj 1 j,j} 1 4 a au ld& JI 

^f u ^1 dLu^ 4a 1 cjJLfi i4ooat .^^xo^JLI ^jlaJ 3Jj)5*fl diUjJa 6d& 

.4 Oi ^jl (jxi^oll 

.1^ 


.cjjiJij 3 j1>j 1 1 Jtjjty cju jfAi Li 

^iSJI Ja 

dj^>j j 0L&JI3 ,iiu»Lu&\ ip. till iuLS ip art^.1 1 jijjVl -*l£ j ^ 

4 * 

. ( jAjuJI i flirMu £-0 oj Lxj oa£J] <jl >u!j1j 4£^Lc dU <jl 

» t- ^ ^ 

P^fdJ U 1 J-^ ujd^Aax (^1 Jj 4 »» : ^a>\o cjijL^ 

" w «« 


«.S 


J £A Lfrdi 


. .~<l l 






.^uxu3 IdA <jl Jix ladle I d£J .dJd J) £^XjJI OhJUxdt <jx 

, f. # 

SoUtJl ,> IjU .4 jlxJuuo 71 c. dLdJ (^yu-J ^jdl <1 am-w 

v» 

p f f f 

ja^laJla Sdjd^o 4aJUJ JaLtuj .4 jc o 4lud JlxI <jl £dlaxuit ^j Q &^ ld& ifuj 
.L$j xlaJLlI Ouxa ^aJt 6 dJ& 4aJtxaJI O^fdLJLl 4ajlj-o Laalj JUu 5> .e^aJI 

* mm ++ 

.j \Jlaa aJ ^lil p-LuiSll k dlLlA ^jl ,3-^^ 

* «v» 

p ^ p 

dJjl OUjla^LC ^ 1 jrLfil ^1 SuulLC^ dlaj^ 4 ^UI ^LxJl (J d.lift.51 ♦gidJlA 

p p 

j^jaju 4x9 jUoxuj^I C^xtaxAut Lo ^j^Sa jt^a ^/ tl {jj ft j^oxLail ^j\ ^ a u% Jialu 

■ ( wTn^. (1 _jd Oini dilkl 

M 4 *** » 


.Ja^laJla ld^ 


rro 



JaELuII 4.^ -±\ 


3} (3 CjumJ iJ-uatSl S 4 1-^.1 (JOLfiJj (_£ jJI Lo (Lq ^j\ f>Vl lltlj 3-°J-^J Loj\f. 

. <S\\ o cjIjI-uI 

« r 

Luii <LiAjl . 4 _ 9 jjlU J-^.1 3-03 *p ^jxiLJI GjJb^ J^l 3 -0 <Ll«jLuj^1I 4 jtwLJI 3-0 

3 I LllIXt t iUUi) oLoj-bdl ^<»iii L _ ? Lt lal a o 4-cj^ll <LsjjlXI 3 -° 4 o q ur> cllaafe 

.L^i e>jy£ J| J^iJI j-o jj)W 

.N<\<\<\ yt l dJj ^j_u *^J 

.j^OJL jjJls'jUI 

M « M 

SI1 Jl& **I-vC. jj 3-^ jlai 4jj^Ja Sill 3Lui>^ Lui JjflJ 

Jji^ll Jl 3^^J^ ^iit-JI ) jAaj» :Woody Allen 3^1 <S^33 JL3 l-a£ 

«,Oj-ol ^ 3 U j^LkJI jj Jj-uajJI ^Jlcl laj^ .jvgj^^Luj ^1 ^g l.ofc JbLi 


. j3La 4j Jlja ^ 3-^ 3^ 4a 


la I 


.jjSa ti pJbJi liA Jxiib 3^1 

S i“ilj Lq i_j-& 

jXOj Ij-u£ pi^l 3 I JjL^I . 3^1 pJ Ijl 4 cjtr> 3^1 3 I W\ ut\ . JjLfi! ^alaJla 

SjJI Jl^iD 3l^LuU CC-ol^ jl ^ Jftl 3* C5^ C3 


f- f- 


S^KII Lq^ 

i\ .LJLL A 0*10 J^jl .^alaJLl 3*^-0 4{ ^bJLl 3'° uiio dtajfe 

%♦ «• 

^-oJI Ja^l^lj jlitl jjlcl «p^oj ^ tOlal c^j^2l3-wj ^1 4J1jl£> (jjudj tQlj^^lt 

u •* 

j^fcAII dJj £-a (kiaJI (^fril; SLaJj Jl JSSjlj .JIUI (^iAI <JI 

•£> Jl e 

^3-^3*^ ^aaL^a^ ^4aa ^aJI 4jsiaaJaJI ^la^a o^bJI 3 ° p JJ J^ 

** 

^LaJI 3 ^-Lblajul ^ ^aal Jua-lj tj^JLaJI I ja^ ^gu^Laa JajaX. 3 ^ tLoaj o oft 

.^Ju^la 4aI jJ4J Jaifi 

.3Jj 3 ^-^Lluj (^jJI ola^*^I jLxixc ^3^) • 30 ja j-o'-JI j4aa 

SoLxgJLI jLabl 3 4 -cLiaal gi-fljl 3 I 3-^ Lajj 


r^n 



r 


I j >iil oiS 

. j Jjlfi ‘ * * 1 A 11 JjG Lj jfi ■> *i5 

.oliuuilj 

S JUJl j >T p^L J j Ja <jjl 

^ ^ »r «* ** 

. J-oLil jl JjL^I 

S(]^uaJLiJl ^1 AxAs^j <l!ujJ-y^ ‘UT^-A-^-3 t4^^Lo_LxuJI 


3I Jj& .^oLolAl J£ Lujjiu Cul .Ijlzw liL*. 1 jjk < j*uJ (^ju 

SJLaJI CaS^JI 3 dlfix J ^1 dli* 33^ ^i 

** *• ** ** *» 

a Lai Sjrj-^. ^-ul dJj tjuix 3 La-a _/y5LJ1 ^jJ .4 fl. ^.^i CjjI *1 j 

,4ji£l 

* 

.dJ Odaj Lo 3 A L& tl\ixk^> 

S*j1LoLs (3 IjLo 

j* j n-s <o ujjaj) <jl J£ ui^j 'il -IjjtjA fL«l t>l»* 

•* 

.\\\\ 

S^vlx. (J*C -fu > jhq'-II 3 ^* IjLo 

3 Ojl^j ^jJI dLufc .J ll^. A.g.^> j-cl 4 jI SJ-oLj 

» ** *» ** «• * * * «r 


* .6 


3 * ^ 4 X 1 3*3 . 3^1 

.^^du ^ 3^ 

•* 

S^UiUI j JatUI datLuu Ja 

-^ ' ■< »“j a^Lui 4Ja5*' Jl Jj^l^ j ^ -“I ,jl f IiaSml j (jL^ jJ La£ UiLlj^I jJLuiI 

«* •* 

.Oj-c J 3 I dlbt5 l<oii£ 4iLc. 3 ^ Lq-o 4jj)(j m 3 &t ^jxlJ 3 SII j-c ^/1 

SjjjJI 1.1 J Amri»l' dJb 3^ ^Lo 


iuL^Jj LjUAiaJ 1 fl 1 t^aiiu 3 t fl Jj 11<-AJ ^jJ| ika-bujuJI jXLulU 1,1 dliA 

*• •* «• «• 

a p v 

jajLui^l (Lo 4i K a* j\±Xi — dlural SjLujI ^1 Jxo L^jI .4j Sj S,^w 

p p 

6j-& Ji-o (Jx JquJI 3* 0 (JjujJj (4.1^1 3* 0 (JauxI Lo I— 4 xIjj^JL 

.oUVJJt 

.41^ in ^x. Jl^ ^ pLj-ii'JI dll^ 3 I » - ^ . 4 .i t l 3 I-J wVm *u 3 ^ 


TYV 



t 5 “ ... t 1 d j -v Ij t 


f> 5i ^1 oUSjiilj OUIKUI jrdill iaii JLui .J*aJL .UU> iwuo SLpJI 

*• 

5 $ 

.laa. ju£JI 1 q ' 

.^l^J! IdA 3 ja (> ^0~v. Uil Lfcii jiil JjjLaJI jLa^l 


.dljl^jal (J ^Jild^jLuu iJ-LjI l^/u^ ja51 .Lu^jI 

.idjjju jl^^I (jl J t>^} jvl.L^ul Sj£Luj Lil 

i 

,l1J ^oSii iia >k.^i >_ijUJi j. • r.j a. (jl 

•j-oSli £«i 


dltfl p *■ >S t I * ttr- Luj 


<? U£a nKS 
% 

t^^LoOJ-CU pJ_Lfl 4_)Lg_jJ! J ^lajJ I JjX.I i. 6 ^ >11 -<,_il v< 11 l._V^ 1 1 jSL& \ JLi J^JJJ 

./jpuxJELLJ 4_1 ajqI ^j! JjC. Ijl 4 -x^LA. 

OJJjJ *^OI (^1 (^$£1 C$^ SoxLaiX Ul ••• C5 (.5^ 

•• ** •• *• M !• 

.4ji s-oau ji 

. 1 Ji_& ju 1 .—0 j-tu 

uij-tti dJLLfc <aju 

»» 

.tJJjliSi Lj^i j U~‘.l ^1 Ijja. ^ i in 

.L.I <j^ J ^ 

* ft 

.LoJ ljuk t^JLJ 


rrA 





Ojill ijiJ SjjSi. 5jb} 


: JLij 4 \\ n>1 4 * u^> \ t L» *^-0"^l *Jal^ <3 

SI 0 ill Cj j-JuI ^jJI ij.i—. II dJ3 La 

S<uUi iftis dil oli IjLa 

SI jfl > <^jJI Lo 

w 

SpJSJL oJjjuii3 Ja 
S JIjo k^lf 9 j! * i^ll IjLo 


... 

«» 

^1 .^jill JAJ lullcul ijLa.^11 JlC S^jJLlI L^-ljJ tJs>^ (jJ L^ 3^ La£ JhO^II \jLi 

‘<J^l$ .JLa. (_jl JlC *Jj^II (j-ojJ .4 h 11)^1 6dA ijL^il jj 4^L^ ^ Lj-uJ L^jl^ ,,jrfjL> 

. d) L) 1=*^ 1 3 Jl >1"^-' s .4 m^ iS7\,\ i d K .. .Sll i^Q 0 ^_fl^_j 

(_£jJI il^ll *L£*i J33* ^ jaJlLU it^Luiilil dl^kiJI 

c J iO"y 1110 II 1 Yi J_£Ju3 J_C 6^; J.fljl LiijJ (JI^J ^| .4 % ml^JI 4_jl_Cj)^“ (J^-> ^jl mj^tl j 


. <_,L£JI lj^-1 j-XjLj^J ^aUJ^JI ■ _t t-*^l 1 jjjfc I. LAi; . tftuu 1,1 ^ 

* *r * ** 

■ J 

^^>L5 ^^jiJI 4 j^jL5j o-oj-ll -jy=*-\ Jlj-^ 3 lU^ Lic.j 

(jjpLS otlxc-i2xj Lo. Jlc Li a jj) 11 £j\ A*-* \ .jt. v to* i ^1 Lcukj .ifijLuSlI oIjjLxJI 

9 d tQ \ ( Jx. Jfc,Lulll dljjLxJI 



(J t5j Mill 4 ^ 


ji'ii Jju 


le 1 ! 3^5 3 j^ <3 ic^b^o c±3l£ < Copernicus Jxs 

yULui xv in p^a (S 3 ^ tJ CIUjuaJ 3 1 (2)^11 v^^Jtj^ .4_XO 1 1 hi Lit) I ^3^*“ LA^)LucLi 

Ct iii il Laj^Jj ^JjJ! <■ I 33j. ^ ^ (3 (jjujjaxuJ I ^>>q j,Li_Lci <jLq (2^-* 3 --0 ^ ji^ J-i 

“ * ^ " ** '**•»*' " 
t _ 

pSLaJl 3 I 3^^ 4_xjLuj CjL-^ 1J^fli cJllAJ .Cj Ja 11 3-'° ^jLilo 4 »jLq 3’'-* 3 jQ Sjal^ LS3 Jl> 
pja Jjaj Lli5^£J 4 \ nCiILt jt-lajJI 4 * K 5 \ a c.t <n J <4_iSh3Jl SLtaJI ^3a 

.4 tic ^J)^JLjJl > J-ol *J SLia JKjal v Ok-LAliitt ^a-T A n) 

6J^a^»o 4 _xjLluJ 1 fcLtaJI t 3^1 ^3a 4 j£Lq 3 3-° * * H \ A -jn 11 

jjfcl^JaJI 3-° Ju £«c jjLlaJI 13 jA 3 3jLcu3j <6J^a^«aj SjjU L^jl ^.Yixta3^ (3 

j)Lia-J ^jl 1 illf■ 3^ l3l ,£j^a^o^ Sj jLi l nifi ) SjLU 3 jLjL - aJ , (_£^)a3l 4-ixuLm*j 1 

J (>^ pi" 1 ? * C^l j') 3>C^ JLcI^I ^Lfl 3>^Jj31 p-?^* ti 

pLAaJI 4(_£^al SjLaaa .3-° Jalj 3- 0 JSl ijJLucJI jJLt 4JLtaiil 6 JlA 

3 C * Ni Jc 1 uS >1 1 Y a ^tJA-ua I.Va^ ,<ULxuLcu Q1J1 S\>A I (3 piAlUlA 1 jj kLoLcU 

( » *■ « . (■ 
dliii frl II 3 ^ p ^ m^fc. J-C at II 3 LciLa. 1 Jjl 

SjjLi SjU.1 3o^ p^ < 1^3 *Uv3^^ <3 oLj3c^ 
3 3^*^ iS^ ^ 4_flJcUuO I \\\^ iMfc Cj jrLa-l 1 .j3l I < Q A ^_c. SjLU 3°l^ 

31 4-flJaill 6 J-^ 3 (' £ 3 ^ ^1 pa-J 3^) a <u pj-^ 1 ^j>?- J) 31 ^^I 

( ^ t £ 

oIjC-Lq 13-4) p^*^>i 3l^ m u 3 ^zlJ^ cy° ^^^5 cy° 3-^^ >1 ajju ja 

Lo-tuJ 1 plja.^1 6J-A 3-° 

CjC-iJaII Ja.1 3^^ 3^J> 4 aQ ^ 3«C CjLt-iJjJl SLia. 3^13 

4a^1I 6 jlaJt| 3 Lola) 3^J J- 6 - CjLt-tJjJl 3^ ^ 5 -^^ c£^ 4 .i 4 Q.tgr-t5 I" j-A 

t w p 

3 -° 3 sj*^ 43 Lo 3 ^ jj^l 13 a pt^j Ll» jJ 3 U 3J j ^ . 3 jj 1 >331 3 eal^ 3 -^ 3 -^ 1 

3-° i£3^\ 3bf^b ^ t <11 A . V A ^ t S l~ 11 CJ Lilac 

.J^aj^-ii^ SjJlUI JjJa 

CjLo^cu^j 43Lj 4JLi^jG 1 \ \\ a i ^311 iLo ^ J_C. SLxaJl 3 '*^ <»l jj) 1^3 3 3 -'°^ 3 ^^ 

" • « ** ^ * »» «* 

6J-A^ <6J^a^o^ 3jjl3 3H'1 J 3 j>^ 11 3 SLxaJl 3 ^^-^ J-i , 4_5UcJ 1^ 6JLoll 13 <u33 u.il 

*3liil Jit iit J^- <3^ I3lj .SlxaJl j^Ja3 Ja^ 3^® fl lj^-A 3^$^ taJ 3^ ^a_> 


XX * 



4_iAaJ Ijjh* 6jLjJ 


p 

N * * diL l« 3 j) ill I (J d^- 13 SU=J 1 4 >lc Qj^laj o^ji^ 4j *■ ^ ^ cjj^j JLd^J 

<jte Cy* ‘4_xaaJ1 6 dA O^L^'l 4juoLaJI Luj^-a 3 »—flJI 

^jO ddX L^jJI J-U3^ 5 J, l"wg 4 jo£- UjLicL Si t^k It (Jl^wujl J^lsu »_IXu 

.Sj-\i5> o^lL* dj^*^ cK 5 jr\-fljij ,C^L=JI 6 dA (j£jLaJ (JjB^I <Jx. k-jj^JlJj ^ .v_j^I \J^i I 

^ye> .<u£dJI Si >^k It LajI nX-1 3 ^ a 3^ 1 <4-JLaJ1 4juaJI (JusLaa Ladopj 

4JlajJl1a ^oa-juaS ^! 4.^jd (^o^joJlII ^JLi 0 <Q f-l^d-ll £ dU 3 4 fl -yj 

dllid> IdA 3 Si I'-k It 3^- La UjLlr.l 3 l iJ ^J) id| .Sj^xa_a 4 ajX Aj| >“r l \ 

Ji-CkJ Lg_jl l (g tic jd-*-> ^! 3 ^ *^£dJI dl^-Lm-ll CaLm)"* 4aa lc>A I a - 6 ^y^-" 

•+ 

. 4 ajlC 1 Sj flWufl <LLujlLuj dlld Jx. SjL>3 L^-jJ . I fl <jAa 3^ aj 4 ^ jA 1 ^ 4»uX 4_kI 

^l£jjl SLl^JI JI^-ujI 3 ^* 3^1^ ^ 3 I 20 4_JLaJ1 4 ajl« 11 iJjLriptxojJJ 

«* 

1^1 j^juluI^ jL^aj I ^ I (JZLaS L^_jl 3-° L^jJ^j^HI 4jlajJq llA^U ddL !^ ((.4_ljlSj» 

£dILu ^A'%. ^1 ^ d^~ in" ^Jx. CaLaI^- i.^.,l \^ <Ca 1 uuujJI^ i^AjJt •CjI^J'-II 

j>^*CuJ ^JjjUIl 3 -° 4x.j)<\^w.a ^I Lx-^frJj)*/^ 11 ^La-30 rjj )LaAA "^j ot^J^lt 6 Jl& ■: 01^1 

^jlusj jjjix . JLlJI Jx^JI Jt l y* '$'caI^j^II jlilijl 

^ 14 4 « M 

4joC 3^-^5 in a 4-LlllLlu IIa CaLcu^o^u 4x.^ 

p p p 

jji i^aJt ^ 6 ^ •“ j ^ J* o’ Lal ir* C5* -4 - - ^ b 

*• *• 

4 J-^-l^ 3 ^ 4-aI .Laj^^Jj\<~11 j^C* > i _i-^l^ ( 2 >^l^ (3^° 1 aX Jj 3 ! La 

«* ’ 

^_c. ^Jaa La^ 4 JUJI dul^ LaSk 4 x > ^ ^ ,«^> xj ^ p (3' x ^ 

P 

J^jl^ 4 lip j^lrxu s_fi^_4jj SUaJI 4_JLc Oj^-Lxj La 4.^^^ ^jl JLclL>.I La t ^Jb ^ ^-11 4n.ll 
tld^ak^-aj t^dl-A 33^ ^ SljjaJI ^Jl£L-i>t SdJO LojlS l ^1^\*C" 11 ^*C“ 4 4 

jj)(3 4_iAJk..j 3*^ } <sliA It (Jl*^ i a)I IdJJ 3^ d^.^k.a-> 4dl J 11 3 Oj^d dXJS 

^j^.1 JjLlo^j Ijl^ai^l L^jJl^iJI ^t.AJtiCi>..> d^dlc. >j )a 11 j,llu ,^>jI^ 

."^ 1^1 La.jJyi<“ill ^ilxa (jailaJl 3 (* o *°\ 

* f. w ^ 

Lcua l jJr\ tl ^dA-i ^ 1 4 1 j \*\. v 11 ^ lA d i^^qj -4 A-uj^aJt 4 _JIjJI 4_L=^^X1 

«* 

Loji ^jl^JJ ^^ a ^v a I I 3 I 49 JI 3 Jaii 3 ) 4 ^^JI 

M M W 

L>ajJJJ iiLia^Lj 4 jlajJ1 3 ^l^^jJJ SdJL £la 4Xj^Js 4 k in1 3^ ^ l^-l 1 3^°,^3 *dJLj 


SjddJL> 3^1^ dxLm_» La^^ ,L>-a.^Jj)\ < \^H ^1 £aj1 ^ya td-»JyCi d.Ui > d^fc> ^J^-lhA^ iL^-uxfid 

.4iifl’kll LAaI dJJd ^jLfi t4fij.wJ P>l^dJ 4oUJLm^I j 4 11-wld Cj^ L^- ^Jx. 4 U.al -v 11 ^x. 

.4_a^^L 1 1 ^Jx. 4 i\fl ill (_£4JJ-11 ^)j) k 11 3 4lLid^fc- 4 1 ^.^jq 3 0^3^* ‘4 \4i«j^^k, 11 ^ d^ak.<ciA 



«««. M d ^ t 


— icjLtLuJsl CjIj^LxJI 3jJjU 4 \_lAj,q j-JuLij 4 i < 1 ^ 3 -^ 11 ji/)Q 1^ J^ry.A\j 
’CHO^ 4 \ 4it 3 -aJl 4 \\q\ S^jB 3 ^ou^j I *lg_L<X d tinj) -v H Jx 4 Q 

g p " p ' 

3 L 0 Jfl*n <*> 4 \ <n^aJI 4 .vlQ .^0 ^^%ju_J 1 1 s iL^ ^jLj ic^Ltulil CjIjjLxJI 3jhI£ LaaLi 

M 

11 4 wim 1U 4_xc 4_tlfljJJ 4 > |,|\1U 4 i^i j\£l j).a\ll IjX t _^ul t^jjl Jjjl-oj 

4jj&J 1 l r >, 5 jfja 3fl 3 3 ^ i xu < 34 ^/vuJLJij (jyjLaJl 4_>L$j 3^3 1 d.jOt *1 (_£»UI (_£y'iiAJl 

^ ■* ** M M 

O-loJj — ^Lill Jx C/X Alo 

•* «* 

•5 

<dilj (3 (^j^SL^LujlA dlj ^-03 ,(_£y\iuJl £ojIaJI ^jojI .5 o Jx IjL^fc 4-L^jJa^ 

i^dLua^ll * 11 £jja j pI^J ^1 33 C" ^1 L$J J q" cl! a j 1 \^»- > 5^5 ^ ^I ^o^Jl 

.LXjL£ajI Jl IjjjL* 

jiLl <^ill (Jj^i\ (_>iil^JI C£i ^ 1 ^- uaj 3 ^-*-> ^aJI 4J13J1 6 j) 1 ^> 113 

^ " M M 

pliiil 3 4 l^^ll 6 JX 3jj .Lfc^Lf^jjl ,jl ^jL» ^jJI 4_i_tui^aJl 4 Lu>.^Jj)\ < \*v 11 

w 

(_^l) QI ai a urC\ Jx J5^l (Jx Cjl^p^^jxoiil JjtuJua <o^£j)£JI Jx 

Cj 1^jj).i.i.g5L 11 ^ (J lifcj^jjl ^311 ^^.tuJl ^jjlJl^JI (^ 4 ' 1 \3 ^ ci«Ar_ I 

** «« «• 

i"JL^jl ^doktAfl d.flU\A - j^_p' 11 1 11 ^^jJL 2 kJl ^Lzk-jol 5 ^Li,ur>. 1 3 4^ja■_*4 _*jjjj^jLq 

4^JLjlg pLxxI 4 \ Au^aJl 4 t\5"t 3 (ju\^k II Ij^J ^ \urck 11 ^ull 

1 ^ ^ A ^ 1 fl ^ 1 <4. JlojlJI 6 S& 4^l9^L^|I^ 4-xLojlJI 1 *1 iAq II ^l^jl ,J^ .6 J4> 11 

Lxjk^J i \ 1 11 fLj* ^jj^piuJl JclS ^jQsXi 4xjLualil ijiiljjLxik mL5 LlUj ? 3 I 

. J^ll j UjiL .1 Jli\ 


uuJLuil 

£-0 4.4 uiu ^jnn ill j^sJj . 4ji I \\ y 1 Lcua Q jim! S^J^aJl 6 JX t^Jaajl 3 ^ 

6Jx^jJI 4 Xjj 4^J I jX 4 Sj j l^"\ 11 4_iiajtJ| J^l^o yuajj . 61 6JX J| (J^-ua^S! Jj-fl 4,*i v.Vfl.1 
4_»^flJI oLljxaJI 3-* i La v^lLix .SxjLuilLI cj!«ajLaJ1 3 ^LxJ 4 \ i n v J 1 Ajr\ /nl 1 >_ 

m 

j^lJI iaj‘^U.1 4l^Jl jryaJJ J-C SjjiJI L^ajJ ^Ij ^1 

v « «» «* 

^jlljiU 4 -s. I Sj^^JI UjLicI 3 1 * * '■aj) IjLi -41 iVa tj ^^iuJI ^j-»-t\-^ 11 d ic 3 ^* 1 *- 1 

** ** 

.Sj^i cj l j^q wux=»- 6 jx jUjL^I c-xx 1 Llu 1 3 U <p 15jJl<i SL^.Ll 4l»LaJl 
^njJ_d tU t 1^ 11 J^^3^ J^"^ll j^a JjJ 1 3^° 11 >AA (J!Lqj ^Jx ,jx 3 ^^ 

4 Z 3 ISLII 6 JX Jxo j-oJj ^1 «<j(u^LLI 4j_llI1 j^oJj ijjL>. Jj <iafl fl ^3 JLj0 Li^LluLo lyjLa. 


rrr 





aaJJ d i«i33^-* ca I^\*\I Jlc SL^JI JK^iil Sj^^wnJlj 

(J^C life 1 i M 11 1 J^J J, L> a> .11 ^jA Cilj £A J} V> ^ Jl 5 J < LlA LfrjJpyVlll 

^.^^ 1,1 (jLfl <V II 3 Oj^ j Lo^ 4 j^^joj 3 qLa ^->^1 11 m cILaA 

^^jILJI ^LuaILujSLI JJ^aJ.1 yLC ^■■ l 4 _l 1 ^|I ^1^ jjp^iC 3A q^LL 

«* ^ ^ « 

jjfl k jLuc^ll <3 LjlLI lj| <4 tWi 3^-^f ^ 3d CjL 3J33]I 6JAj .O3434L CjL^j^jJ 
JlU^ iClL^J^jJI GC^J ^IHI /M niU+U*jL 3 1 *'l\ LckJLfl ^-0*^I dJ .d^jJI L^J^dlJI 
3-^ ^^jJI IjA 1 a 11 <^jq^|I 4 . >1 ^ \ j 4-1^331^33 < 4 JLl£ dJLijJa ^_»ILJ1 fn\ t 1 J\ /-v t 

** 1 

3 jli^l 3U 4 t <Tl A oU^ojj i L-> % jj^-o 3I6y>>A u. u. c a j^l>.j -i ^"iii 

L 5 (jUaj-uuJl 1 JA <J!La .LaJ^Ii J&\ Jl 5 < ixuLlj Cxfl^JI 3 >1 mn m>^II c_flLfld 

jSLii 31 vtu^* (L^-u±iU 4 iuji=JL 4 ^j) <A> H 3LC jljll 3"° jI3 4 >3 .Af 6 J La ^JJO 

tate 

3 <—»SI( 3 ^ dllA La t4uaj 3 ^ A * ^1 (J^uu 3 '(S3 ‘^ r ~ J- 4-2 ^ 3"° O^d Cj 3 J 3 JLJI SLua. 

31 3^3d3 .g-LulLui^l <ixiIj o3J3JL cjL3^33 3-° J^La jajj SLLkJco 1 p-LdcJI 

«* 

.3-L3II ILa 3-° (JjulxIIIj Aa jj| L~ n 

^ 1 j Cj jj .^Au^aJI 4 -xJLj ^Jlc l^^duaiuo ^^LlxxaJI ILa ^JLa 

3^ 3^ oLj^>^ 3I ^-1 ^33^J . 3 J j ^Ja-ajlxu ^LujulLo)^!! 


4-ulj 4 x.j)o% <■> 4^1 3^J .ii^UI 4_ix>J lI^JI j>dxl aiaj ^jlLlI mn nt'bU L^JjLujj 

3^® Cj1 4 jZU\ 1—fli^cujjl 3U^uil 3^-*I3AJ 3 jLiiAj ^1 *a\ !t 3 ii)^lI 

.^J^L Laj) fl a 'jL-v. Jlcu 4 .a. x\^j> LLt^w ^1 j^oj ^ iAA^t 3 ^a LaJ (Lfl > ^IL»| 

3 — <JjcflJlj jil Cjl ia ajj ^ 11 u k Ii SLx^JI ^ 

4 jLAu^aJI a 4 ^aj’iLU 4 x.^^J I 4 jluJJ k > w H 3 ^LmJ! Ijjfc —- ^jIjlxJI 4 K 

*+ w » 

L^jjJ 3 j>^j iii ij-** 3 j-®-^^ <3 j-^-LxLlu cjLojI ells 

1 ^ * y~\ ^iJl 4ij^JbJl { j^uAjj 4x.^Ij^c> olSl jj^j ^ a .v»% i ^uv i ^ jj 11 4^a.j}jJ ^JjLujj^JI 

«k 

^IwlLJLuj! .3^^^ Cxfl^JI 3 (3^^ lJ u 3 J^ l)^°) 4 t-wj 1 ^.vi-il 

3 L-OJ [ J-C. Sjin a II (J ^- A (JjaJll 4 > i^ij^ 11 43jo4lJ Lxs^^J^j^Jlll j&jja ^^vjluJI 

Ij^jL I^Jq-w |j!Laj oLuj^JlII 6 JA 3 li /4 % 11 LSf 1 SlxaJI 

SlxaJI JSdJ ^IxaJI mil Jlc. 4J_oLsJ 1 oLuj^jdJI J!L<u_uj (CxA^JI dJj (Jxfl 

1 j<" va ^jrviuJI ^juxxaJJ Sj^IjILo JjLuj^JI ^xuaj 3 [ La^ LA J jL.A jU.a^ 

^IcAJLujI 4djjJa cjjlL Lx^-o) 3-0 Liu 3 ^^ 4-ul^>^JI Sja <i> 11 J-oLaoJJ 

*~a ^ 3 !cc L>a 1 3 La iCj jLa. 3 dd 5 j 1 s-y cjLu^jtui jh^-Lu <(5jq <i>U 6 La 


rrr 



(Jjl5jl*iaL 1 4 r*. Ijj. 


^ p ^ 

4-uoj-flJI 4jjJ (jl (JjlA 6jl^<i Ci ^c. ^jn\^ II Iaa aUj a 5^ .iillla JUi^l 

-4l no" JJ 4jl^ j |\ \ c\ Jill 

^U1 wAij^LJI (jl 4 -l^s! -1 II ^^Uv\ 4 "wj S^)JoLlJ.l 6 1 a Cjj Aa*. JLola.I ^ 

l » M 

Jjuifll La 4 _j aI — J*| JLa* ^j 4> L£ — 4uuuj)^ II j)-xi i1 (£j>j )^ 1 4_j^jj jya <_ijUL* 

. JjLslLq AjAaC <jf£J .a1!a J* fl i S^JalbJJ (j-a 


iull <jZL&\ <ya jjailj 

CjLIaL^ J Os5^^ 3 (£>^M ciSIjSJI J-o CjljL»j J^-^ 4 _jljL<!lJI Sjn-^LxJLI LH»Jjj 

,jj^_> CjIjJ-usJI * j Jj . AC Lloj 6 j)^JcHo 1 Cj LaAcLij) c .1 iJkc CjL^^o £-c l a 1 j a 

ijj^c JK <nl 3 q3j < 3^ 1 <^>^“^1 l^o^3ti 3 j .JjLojlj^!! 4,xju>j j ( 3 4-ij 1 lAaII oLAiliD 

Jjg jlu J-c) ^LUI Jx. Llib 1^11 4j_ijjC. 4_iS*j oLul^ L 1 >aJ (jl Ja.a.^1 .Lq Aa* JJ 
jj)»/A> (jLfl ^ ^-1 ul^\ 4juuu CajI^ pJ^-uj .(cjUaj^Jrt^jllj J'iAJiJI 3 1 a J1 tJUlll 

^ 4 fJ^ L 1 a^ 3 ^»1 J-c fu frljVn ll£$£ jjJa <^1 iilLAiJI cjLA>15LII 
Iaj£ <jl ^AjlJ^ .^SjLc 1 tvtfl ini (j <^.j ) ji j^-Uvil 1 J^l p (] ^ j>c 4 a iitLut^l 4 i^lAJi 3^0 

p 

Jjl-gj ji_aJ 4-i^A CjLiLi^ jya CjljLijJI <jl ^Jb yh> i Aa*. JJ JLal^.*Jlj 

5jl llj .Liiijl j^Jaj 4jb^uj^ll 4 j$aJ 1 4.1 i\fl^ jj)I riljLail 

Cj^o a5 L^jI ^j^.ji.1 ^jja Jl t ifiLuj 4-La.^>j i—al£ J*S <n > 5j j) In J. I 

.LLiLo Lilji^^j ^lll «I» 4joC Cj j^JC aIo Jjj)Jra 

«« 

3-° 4jl>Lj cA^I 3 -0 LHAil^J1 JlLo 3 ' 4-Uv-OsLLI ^AA ^_ya 

^ ^ p p 

3 4jluu^^JI Jlc AcAjlII (j -oL'V.Sb.l 3 J * 4^1 3 ' 

p p 

Ailj 2 )^ aUaJ <3 ^ ^jLaJl (jj-flJI ^IjI 

TT w * I * * ~ 

3 UU. jjUJI I pi lA-fl 4 _»^^jO ^Aa 1 ••**■ (jl j)_o (j^^-i (jj (j^a 


.4 nli ^11 IJ CjLuliJI &A& Jla Jill aILiA t (jj (j.wiav J L >A. 11 

“*■ * 

p p ^ 

J-C J^uxaJJ (jjAAlll (jl cj-° Lj^-I J^-° o' 3 O^ 

pljj U Jl Laajii Cja 5 L^jl Aj ^ iajSllI SjLiixaJI 6AA Jllo (jl a^ jljjLu^o 
I ^ a £-0 JaLxjJI Ja SjjLS Auj .5^-31Ijla jvC 4_ai-«la 4_ijLo CjLa.Lla.1 (_^l 4Id-fl j 

picoengineering j^.JI 4 ^a 1 a JJ isLub^U) ij^lllll Luu.r^ll J^LA 3 ^ 4 -u=»UJI 


rri 



6>jLj 


. 4 a 4 _ijLij_iA cAtlWVa j<nl (femtoengineering ^ 3 -qjjiJI a^j.\\ 

JllX^JI ^Loi^t ^Ji-U2XjC >J .oLojlxll d Uy Osl1 1 SjLjJI 6J-A (Jill (J fTl 11 JUu^^JI 

Liib ((dJ^ll—^Lijoj^li)) 6jl lia^J 4 jll2L^JI ^_yCi i u jjs Ijjfc) JjWLI mi $jl ^J1 oJub Jll 

tdlA^d aII Luouj d_Lklfl 6j>-$-=»-L fcjjfc ^• ^ J-C 

P P ^ 

Jya ji i^>l Jj^So ^j| J ^jjb> GJjfc pLua-fiJI C>Li£^Lfl ilLljl .Jl uWjl^ idjixuj-aJI^ 

fr c. * ^ 

jxJ UjI i_jLlujI J^fc.1 Ijjfc Loa^^j ? A Laaj^ * 4-J 


C£i 5^iUtl 4L^ll U 

iJILo — pKUI »—ilW* v ^liJI jkl^II SaLc. >1x3 d ^LaJI J j t Llc.1^ UL£ cuS IjI 

. ^j^^JLi S^-JuLlq 4 _LlO pl^jU t jLi JLlC ill JLC U^l pl£j ^C. ^>L£ 4j L£ 

d.iQj.1 cKJvll S^iLil dIi ^-\\\ Lo 

p 

ol^j.1 J^OJ ^ < Cj^-QJ ^5 jJ^J a J 11 . 4j 4 1 JLTi ill IVa x.i i I 4 al d-Xjl ii iJI d a*C -n. 11 

' <M 

jL^-auL ^ J L^aj 1 i3 ^[3 d-ujLflj» {j J I 0 UjJI ^l^JI j-j 

M W 

d lx Q AI J_lLqJI (j£^.ML\ C-K. \ I 1 ^yujJ ^j£j Lo_^_)l J)i\ ^3o*> jjJ.^ LLo L luj ^1 

^_ya da^Lkjj dJLklj £jBJul1 3 jaJLuO CjLjl> 1^ iL^-flla 11A"» pl^jJI (_ymJ .^0^1 IjtA 

( J v 5 ~\ ,nfl ^ ^ Yu ^1 |J ^3 4 ^ jJ I j+JL- Uij . d.,fl.fl. in 11 dwCuJdD- 

a* 

.idJj £>1^1 4, Lx, a > Lo pl^AJl ^jJ ^j-lx > 

(J Cuaj i_S^tx» pl^lll I Jjii (jl ^ui^. .[(j ilc Jaljl *i ^\V\ I .4-xjLuJI 4 r> ,11 ai: 

“ iT *r 

.4 -y.-tull jr\x. d a 4 . iA II «j 11 j 3 ji ^ 3^1 4 jI 4 jL^_±J| 

•\0 jL.^L >, Ajaj ^jJo-hO I Lo L^j £j I £uu=i II i j\ > l [i£jZ ^ 

.£_j_LxJLi < — ^ ^ iA» P^ '-l -."»iA A 4 juuu /j^xLq 

4 L 1 o U SU=JI JKJS.1 j (] & ' ^jJI dJLuuxJI d \* \ \Utll dilj (£. S~s-\^ L\ a q 4 j| 

*» 

. t^.L,La»JrLi I ^ l_A^ 1 LA^ {* J LflJ I j IjJ 1 I^J I I JJb Jlo ^ LL333 Li 

( JjlA ^yO Oj-uA Lo^ (J X 0 ILi jyi uXOJ ill Lu^ ^)J>.t 1^ ^ ^ 4 \ \ Llj^l < A-JjU iJUj U_fl^LU 

3j-l) .pI^UI 4.1-nq \ .^U pLo-llJI (3 d^Lv^jLx^o ^JoL>3L >*W^*^11 

AS 4j -_ »^-ji 11 jriX. ■_ ^ *jiJI IaA ( s _jiLQ ^jl pLq1x.II \3"r-l < ^ ^ A ^ 4 X-Luj Jjj jruu £.^ d-Xj^jl 

.\ Lil..iii.rw h IjjUl 4 Y • YA * 



JjiAuJJ 


y* 4_kJjt£ 4 ^.jJ J_C 4Vvl ( pLjJ^oJ 1 ^Ja pL*J| Jl Jcu-tisJlj pLSjJ! 

** 

pl^jjl (jLd idlj .43jljl 1 * I^J1 4^Uj 3 JcUllJ 4 I \-h II 4 

■ ^ j5lH (jja <sS^ n>fi 3[ 31 liA ti>Aa»j 

^lUjliLI a^I lo J-C Lift *1 £a 1! iiLi5i 3 

bfc 

JLqjjSj <\ ,J^J 4-uljJI 3 4-LiLui^JI oLU* 1L» yu Li j 1 g aI J-aJLojI LllS^a \ ^lli 4 aa£.I 1 
&aa> ^ j m jiuJj < jl a * II 4 + /.< I Lx5 c ^uLxS^p i Lvll-% jAft .cpspcmm <—x <\ 
^AOj j-a J-dLstjj i^Syiu .4_»-lu^JI 4 vie. J^-1W \ Lie. J dlljJ * (pi nj\Jl (^1) jjLu&il 

iiL£ L(JjjJ ^lll ^1 a iii'blI ^»ft j-uluJI p-Ll^ol Op"® O^J^ 3"^ a*' LT^ 1 1 

•* f» 

.CpSpCmiTl 2 j^rvl ^^vjjoJI £tll 4. iaju 4_flHi (jj 1 ^ r dlio 0-*-l> ) 4 j /n 

j^l Lajj ( JaAJL £jy $Ja ^^jJI t^^llJI I >>b J £-IL> fJj lift o^j 

■ s o* o^J^ ^ 

« ft „ p „ * p 

^ J .4-LAU^iJl ^ p ^1 (_£ j) 4 ta UJj£l| ^0^1 jlx. 6jlil iifl <_£Xo (3 LubJ 0 ^®J 
4jLq f’jA > * iafl SjULI pi aIj 7^0^ jl * I ■* ^ * J-C 4_k^ jluJI ^Ia ^ 

^jjQ J 5 l 4 -L-tu^aJJ 4 U j1 1^lll iiti^JI 2 jLi idJ jj (J^ 0^ QJ) v ^ 0“ 

(^^lUI <^l) SjULI v_4^ JjlUU .cpspcmm 1 ^ o^fj^ t> 

• J^l' ^ Ov^f^ 5 0^\?A? 4il!i^ 

4,I 4il^j .4a. J .g»o.4M ll H 4X.^ 11 6jLo yQ 1J.^. j\jul& (dD3 ^JuC. S^NLc 

, ^-kJl 4 t <n^ uijl icj^J.1 (3 O^i • Li jl > ^ Q ■ ^ l^jl ^J_u 4 uiiAnill <lC £./n 11 4 tfli J 


.iiLlj ^[sLzSi I 4JlJL» 4Lm^-v il 4 _aLj^ ^GjG (JjfiSlI ^Jlc y 

4 WI) ( ^u^_si Jl^ i,^jllll ■ _ >-1> 1 I 4jLuj^3h <i 1A*C (J^Lal ^ OfijJaJl J 

^JUfl J-2 ^. (^JLaA ^jjulJ 4jI 3 0 JJk ‘^ r *3^^ Lo 3} J J) f !6jLl) 

.^T lift <j£J .ialiSJI 

3-C- Sjlil iyO J i AS\W 4_iJlj 4_L/0^ 2;^ (sJA 4 U?> 13) 5 J\ >5LII 6ftX^J S^J-O-U 4 JLuaJ1 

g-Lou^aJI SjLU 3 0 v LoAIc. 3^ ^ ^jxi^qXo I Afti jjl Jj .6 Axil I 4 _i-oj^xJJ 4^uj^o 

^jl 4^1 Lu Aa.i .icjLolU ol^»L*JI J^iUJ o-^ 1 ^ O' aiA > 3 6^' ^ 

ftLuxil 4 ^-ujj)"^ 11 ((6pLi^J 1 — 4 fl Kill)) AiljJ .Ix^il 41-iuj)11 4_fllil^ 

|jJ Jx. Lift 3 jl ®JL > ^Ll*i pnxill ^jl l.1^1 J jLuall ^o AJ3 0 (jiujii 

(O-iixo Jjic Alo 4 >jJc. CajI^ Lcuo * i A^ 31 |A^iJl — 1 1 ^^ ^jl JlC jpo^l 

olio 31 ol s\ \ Jl 3 ol^plx 4 a yQ ^Ijjl ol^^; t 1 A*C 11 \ \c 


TT“V 



<UiLJ c>jj£Sa 6^Lj> 


LzkJI (jNLtfc> olajaJLijrUI olajplj^a Jl (JlC- LlA 4 iiiij^^ 1 1 jljja 

«* 

5Jfl jla 4_fl_i^Jaj j^ojlJ LuOul oLl^oj-JI J^SLi .plfljJI jLxJl-1 Q-fl 4II 4_fll~i*S 
L^-3ji jufl (3 1 1 /f ’l £j\ yvji jaV< (L^J lull jLLxJI S^jJ} pI^j^ l_ a 1 1 as\ i& . 4_)LsJJ 

4-flI jl^-j j^5 (j£- pI£jJI iilfi£ \I *i uti -^.k" u,\a,trfa-t Laaaa^ £_a 

Ljoc^oa ^ Jlc. pI^jJI jjl 4 x.jLujul1.I oIjjL*JI ^ a . 4a-mj) ^ 11 

Jjj^s £_A 4 n X iS-\ 4jA.^)J £_U1AJ 4a.tfLA.M1.li 

^lill Lj£j£ lx^ ^ Jaa^II ^yij .ojill Sj^J.1 6^- o^i Jji 6^-^ 

4 * 

LS^* Jlaj a j 6^5 pI^JlII ^jj)^ i mi . j^aju pI^jJI 4_lA ^jJl JjjajJH 

*4 44 

^gi^ljj I V\ I iS-Uj-LflJI 4£iJl ^ i I > "J i_l^..i cJJaJ ) 4-J^1 o .nil . 1 ll~v 1 

.OJjaj j J» Jl 

^ P P 

4_flajlij ^ I tSj^L^il ^aL$a ^1 J J-Aja ^1 t4ii\L> ( jr^V * 0 J* cJ^i 

ij a" 11 ^l t^^SLJI 4lv< <» >1 d \ ^jiLi.NI d mAq 11 4 ^ -y.^ 

** 44 

ys i^\a (jLfl t^^a.'Jlajj •jjjtLiujJ ^j^£J 1 CjalaJI 4alc Lo ^1 i4_uJL^JJ jl iAl 

44 

.. ^.il ill ^Jla LoJaC. pI^Jj 4a_fl jS-fla t-fl^-uu jljJ3 tjju Jaaj aJ jIj^ 

44 ’ 


rrv 



1 


* 





jJ j-o :4\a> jLiLo ^ 0-> * oxo 

A*o J 6 jA?>* 6jA* ' * • JI 5 A>^' A*o J It-N * oxj 

. 4_l_i jL^JI J^JJsXAJ ^ 


OjLII j^laTi^ 4 j^jJ jLio iLft jLlLo \ Jl Sj l_^JI 4 j^.^ J xs l Aub Ti"\ * JJU 

.LAjI SjLaU SjLLI La j ^ .ob^yi^JI^ olAjl^A * ? » Jut 


4j^A Sj^5^ 4 wm 6^5 JI 4 fl,i», II S^flJI ^ ; n Q \ \ :4xlj \ 4 — S * 


.4 fl ,\X *A 


' Ji Sjlj^JI ia-jJ Jj-ua$ £* °“^ * 

^jLiAaj .SjLAil obS jLaU oISjII (_jj^-j^ obi^j>3 s 5-AiI^ oLi^j^^JI 

CjUjj^I J^la JI uJUJI j 4$jlj tOjLiAll ob^j^j^Jlj oUjij^ryll 

w u 

.(f.^jijjl) 

..JUJI j 5SjU .(oli^j^j) SjLiJJ oL>jj^J)!Ij oUj^)ll r > 1 :4jiU» oju 

.cljjJvSJI 


j^vll ob^j^Jt^ obi^I gu^oj t4^a.^j iLo N 4j^^j olo :4 flj■aj 

6^ 4 L 1 ^ ' ‘{\AAli ‘fjAA cA* jr^biT. 



1111 ml 


r* • • : vW £Jt OXI aluj. i s_SlJ? r-. 


.olj^il :j\jl£JI jL^Jlj^I JJU 4*i in jLlLo ^ 

.SjAjCla 4-xxjjLO-i 1 olV>j i 1 Cjlj^ll (j SjIU JJU 4 *i m jLlLc X 

jJ^j :CuA^ 4 juoj CjIjLIc 0 jl tjLaJu^l jju i\ m jLlLq N • Jl b ^j-c 

4_uljJ> ^ Sl^iJI 4_uljj Ij^j^ll J_C 4_i_zk.jJ j_i_i &l.v~v (Jjl jfl lrv> !4XUI jLio T*1 JLLO 

.(lj.l^H Sj^j oUjK) anaerobic prokaryotes 


. J n\ax Jl DNA <jl jjl (_^jJI :4 \ 4 ti jLlLo ^ ,V jxo 


. \Si 11 Sjjj£. ol3Lih j^J=u :4 iui <j jj 1 o V* • axo 

Lq_i .CjLjLIII ^ya p ^*ull jd-ll j J) Q ^ jl^fl^l Jj Jj^-s :4xuJ 1 ft 0 V * JXQ 

.(4 »olr>r. J^Lufcj cJlja-ol) II (3 4^1 l^ C.|^.L oUljAaJI j^Jo dlj j 


. 1 jLc. 5 ja*\3iH otljjJI jj Ut; ;4*1 < n Qjjl ^ ^ * * Jxo 


ilxJI ^ulii 3 olxijilt^ jjl jj) 4^LujJI !j_G :4*uxj V • * ojlq 


JL^I 3 -° J-^j-^ cjLujIII j jirvTi :4 \uj iLo A* jxo 


.4_ubj^lx> 01 jj-uoLujJI gtA ia! ‘>4*1 Ml jj lU "VO Jxo 

Cjl-i-utJjjJI 4 »uj (j*° ^ jJ>j jLtaj^!l 4 _u_tu a \ ^ :iLu. J jj* 0 • ji* 


6. r, ^ ,>J1 SjjiJIj $J jiJI Jlo 5j j) IrJil I CjLuuujjJI J^j^i !4 1 i<l i^j^xLa V * JULO 


r* * 





,^Luaj^IL> 4 Q \\ in oLojI^ JjI jfl k > l4\ Hi \ 0 JLLO 


^Luj^I Jx. Humanoid ^Luu^llj 4^ \\ 1 u 11 j\~u±± t4 > <>i ^\j^Lo 0 ji a 

^ Jl \m j \jlx j Homo habilis 4ajjJI JLx^l <3 >*111 

.lx^Jj)V\2ll * jjt LTtll Jya Ju 

jLJI fsLl^i Homo erectus ioliJI cjjualitl :4i-uj V jlo 

.<LaJLu/^lj 4 JlU 1 ^Jbd^Lau^ 

j\£l jl Jx 42jdli 3^ljj iHomo sapiens JSUJ1 <jLu 2^ 1 :4iuj *_aJ| o • ♦ olo 

(_^wLq 3 aJx2j < Cj J I icLjuua J-a u >j i 0*^1 Si I (3 ^2J1) L^JjVvVll 

«* 

.(o^JSlI JlI *2 

Humo sapiens Jl_2^LiJI J _Sl*JI »rftH j $!%» :51xu uAjI > ♦ ♦ ole 

. neanderthalensis 


JxSjl 12^) Humo sapiens sapiens JiLaJI ^oUIl :Hjuj wAJI ^ * jlo 

.(>LLil 

diA>11 ^Lou^llj 4 \ \iit 11 ^ui^lJI >* JiLxJI ^voLxll JjLtAU^I j2 Z4 julu wAJI JlLo 

JiLijjj U»jL2cLj L^J^iijJI ^-L22 j .>3^1 J-c- 

*p» 

,4-icljjJI 2I £_o 52jj_aJI lj)ly^H j^ y ~' c I A 11 * 4 11 n ^ 4 JLua 


c- 

Lo S^Li J Jjl j(3-1^2 : 4xu j 2* ♦ ♦ jllo 

. 4_i jVCl I 4 JHJIj i— flIj-UN|j O^U-xJl ^JjaJLuu *•4 ,wit 00* * ±ia 

d U.^j.i^> t^ L^ |x2j j'J-i J jjuSI 4JI jj)K"> :4 % ut 0 ♦ ♦ * ulo 

Lo 4 t <n2 Jx 4 ^ojLL)I 4-uLulaJ1 4 \ <»J ^ 11 4jlLo£, ^jj2 1^2 li ^ a. iA.2 ^.t a 

.duAaJI ^>2j> i.y\ \ 11 41* 0 \ 



♦ ♦ ♦ 


lM 


i-u_i 


:4flfi^ll olil 5!i 11 (3 4 *ajjq 3>^ SjrLflJI 6<AA jSLa* 4-uULI oLc.LuliJ1 ^ 

•f *3 V # # 3j ^f-3 ^ 0 * ' Jb 3 * 3 <«f *3 ^' ' * Jb^ 3 


3-*3)l p-L^juoj 3-^ <^ju^jJI >_i 11^i i.A .3 TO ♦ ♦ 

*» ’ 

.l*Jib ii^ j-jiij JjiLG bJl£ 


t Jc^ I^Lui 4 -Lxxu I^j d s 4 11 4Ji*J! da AolflJi ^yxujj\ i£Lu^ c-3 :.(k.j rrr-^ 

p p 


gJLxj tiLa. s iLll 4jLaplj Phaedo 3 jj-l£ 3 ojliil 3 ^ 3 j_L=^iil jic :.a.Jj £VV 

«** * 

.O^SlI Ky.Kj^j ^La*i)ll , «<«"» O/J iijLflll 


ij'ic. j-c. ^111 Archytas of Tarentum ^lllijLj <yo ;J .. l~jA J l St ♦ 

j! jLLJI 3 ®^-* di^>/ ji Ij^< 3 a 3 J 1 d %t h %»w 4_oLo_^» ^_j_u3«j <L> d ol._\< 

.4-&^i 3-° ias^JLuai.1 sdjj^JI 

4.wA'Th. 4 j_u jhfi4 fl mi 1Q13 f3j«JI di 11 ~ 1 Jj jyl^ *sLaI L^jjujjI 4_cLq_=*. t4_waj ««^«^ TAV 

^yt>.is\C\ i^. \a i/Vtll a JO a <o 4_ul j 4JI i^H 3 ^ > 

. 4 JL 0 t£k 4_k^_U 1^ jjQ 1 ijrA-UJ^j J I 


3'-$■?■ -(jjji v^bj cr“ 
•• •* ^ 

.S£j C 


^ P 

^juJjl^q L^-3l\-i^> 4 4.us.r>K ^ 4 x.Lhj JjI :VT0 

L^iac^-iJ 1 ^ il\ l ll 4-C1 m11 3b" XjQ ( *_q C-LLL) ^)ljJ 


ipLaJI 3 ^ tl^ a<<< jj Jjjjjb> icLiu 3 ^ 5^^-fl ^g»n\ifllj 3 ^ 3 ^ »N £^£ 

►^vxlP ^jLujJI 3 4x.lJr\_^.l ^xjo 3^ 


3 33^*^^ 4.1-^p ^ I^LXoj 1 ^3 jNOT 4 


Xi Y 



ole Lull I c_ l \lss d j^e j 3 Lelol 3^1 d^^aJI d_illl o^"! ^LUl^ 4 .* 1 q 3 z N VVY-^ 0 £ ♦ 
3_e 6 Jj-oj dJjua^l ,1^333! <3 4 i r\\ 11 jv^e 6 j\ * m II3 6y\ i*\ 11 

P. j^jjj-d^L* .uj _J JxlLj (\ o £ *) Gianello Toriano 3 ILJ 3 I jLjL^J 0 J 30 II 

.(WVY) Jacquet-Dortz 

^j^l De Revolutionibus djll£ 3 ^^Lxj ^^SLjI j 5 ^ - N o £Y 

^j-\xll!I I dS'lJLe 4 jJj^-a djj-Pv\.] I 61AA 3OLJ3 .jiia /Till 33 O 

.die fh^fbJ V ^ 1 

33 aI \ JjLqj'^II >a«ji d ip j.tla d^jj^. 3 3 - 3 M 11 jl 3 j zj^-olc ^jLujJI 3 L 13 JUI 

dfl-t-ulfl] 1 LfcjjJj3k. J^aj jJI 3J3II-II yvjjLSj .dj^JI^ dij^jil 3 <<_£jn£uJ 1 3 -S-*Jl 

vm ** 

uJI 4 jLi-JaJ ^ 6jle| J3I ‘^333^! <Luk$lJl j^=^j 4 -ljIIjjJI 

* S* • ^ £ 

.O^A^LJI jaJjlJI 3 Atrt pljiH 3 <I JlIjO djj^xi^ 

d i It 1 ^ * \ 11 d .. 1. \ \ ^ II ^xLXIjl 3-131^13 g-j)*AlI ji. amlSLiI 4 jj 3 h icLuua 3[ zNYYV 

<JULd» 3 _^Sll dL&e 3 643 . 1 ^ ^d£^il 3 ). 3 fl*Jl cLjuJI OjlidJ d_il_k^ £_fl4 tdibA^II 

p *■ £ £ 

((.43^3-0 III 3II <3^il lll» (j\ «*g^JJ £ 


Lfl ile ^Llr^l .d^^j^JI djjll 1_tLtuLji. dll Jjl Blaise Pascal JI^jjjLj 3aL> j^^ 

e* 

3 iPascaline (iyJl. 5 l.ii a U 

djll^ 3 4 -aLaJI 4 -ajIL^JI d*C^^ 11 dl^JLUI d\ t\l^c c.t.A.> 3-iI jL^ul z \ "lAV 

((.^jldl)) ^_4 juL) J3^ M1IJ3 4 >< ttU.il d a ... \ a 11 dj-liiL jJI ^ jlxU 

(Jjua 1 fllJ I I tLijULZA. ^ jrL ^.1 ^IJI i ( 3^11 * ^ ^.U3 J_J deojl -Jjt“\ v N Jj3 A_kA^ Z \ "\ ^ £ 

3^>3 <6j3^Aa dkLae ^L^lLi 4 t dJ*i!l 61AA ^3-Sl .Lu^jI 3° 151 . 1 . 1 13 

.^3jJI C) 1 ^ 3 Jl 3 Laa^Luijo Jlj-i 


3 JLflJal 3 pLujI i ^3 °Lc- djLaj'liLj a 4 -aJl un. \ ^-» 3 ^J 1 lz> 3 JaJ jJ- 2 wl[ 3 qjLj 0 3 ^ z N V N 

** ' «« 

. ^-\x iG £±ju 2 la J 3 I ^ 33 ^ 1^11 6 yvl x \ .i^JUUI 


nr 



J-mLuJ 

4 4 JI Jonathan Swift cx&j^-uj l.Ilu^.> < « >ju j :WY*v 

■J\ J^iu 

M • 


cdjJijoll SwL> £J JLaJ 6 pIjj J-c John Kay s VVT 

£jyLk^ll Ijjfc < J^UI clJj)5l.Xi ill ^—lu l_> Jjlj La 3 Oj»^j-ujI lj 4 > Sj) farJI 

2*_mjJ! J-^ll ^xLol 

<Uflljj^U j-o 4 Benjamin Franklin ^ Oa°^L ^ijj :1W 

(JjOl L^ 3 5jSlkU 5 hi 11 4JLjj^J J^Lk i4.il. I 4 AJLJ 


3 4-lxu (ju'ilja ixuu 

4 * ^ y> ^ • 


j ^o.a.11 L> iii^ILo L)^ t4o£.LljuaJI 4_»lJ j J V*\ * * 

. I J La -11.4-jJ La ml I £^0 I ^2)-*° 


(jdtiQ 1 Lb (jnfl > 3 4 -XjLoj JjJLj ^jJI * 4 \ v \La p I ^ V*\ £ 

M ^ 

.James Hargreaves 


Jj>jL ill £l^JJ SpI^j Richard Arkwright jjLlIjj :W\^ 

.o^LjLaJI j^Luia 3 L^-ol jl^JLojI ^ ^JLjuJI 4 t CMj-OJ \jL2± SjfLJ& d i*C v Ijj t \ tS 

ditJLl^ AVAN 3 4 JaJ^J L*haa ^Al JjSl^ 1 1 k LA .,\. rv.il ^JLuSxll ^1 L>\ ^JJLUUJI^-P 4ilj jjfl 

. 4jlC-1 1 SjjjjJI y*jo3 v-S^jlu ^jJI 4_tcLd!Li.'^ 1^ 4 j jLuxxfi^lI Cj\ j^-XjJI <j^o _/Li5LJ Jfl a 

Jaj£ (J_1 ^_»Lo£. ^VLU ^w-culaJl ^JJLtJI i_ iaS. vII jj£ L-aI ^Crl JLXJ A VA N 

tftxAibl J^a JILjj Jj^lll 4ft mli ^jC. jOLj (^iJI ^1 ^rvjlJvJI J.S > II jiu» 4_»lj^ 

.LfljJ-LflLxxll 


. jl JS <7i \ ^vij jSJI >n> > up I ^jjji a flJl ''>—^ A * * 


J^l gtjailll iijj-La Joseph-Marie Jacquard Jjl^L^. ^jLa-^sajj^ :>A *0 

oLojIxj 4_lrvj.il I^j 4 ^ L^j I J I^J I 3 pS. "V*l 11 J . 5^.^-J-L I jPN^JJ laS 11 4 . 1 A S3 Li I <11 

. 4 .1 Oil I oL^LLlaJ I ^jja 4 L n.L <i 


XU 





t> u j) a jj J LoC-j ^3 Cj^ISM ^ n laa n 4^ja. ^3 IN A \ \ 

. 4 _U lojJ I I_t A iiu I oM Usj) 11 \flfl 

Charles j>JjLuijJ L^J 4 *>a.\ <£jJIj_lo J^l iuUaj^dl a laJI 4jjtaaJl g 3 aj *. \ AV N 
«»4_u-aLjJI J^lj^JI i > Lo i jx 4jJ^j I c>l jjlII j^julLu cjI h VbLQ» 4^Lch-j ^c. Babbage 


Ijx 4-> L^i 11 3 (J^~u 4jI ^xj <oL5 ^jxJI <jT £x>L J^lno j^Jaj :\AYY 

.fix ^j-ajX jj^JaS <jx J>^ j \J i. &jJl£lll ^XjjmO j l ,.10*11 


4jjU^ ii\ Jj! «George Stephenson ^^uuin*u £j^aJ «N fij Sj^lxJU :NAYO 

.l$J 4j^j IjJJ ifJoJLLC ^jLluI ^X 4 ’i ^ t *j Q t /i i n 

.William Austin Burt ojL JLca jl f U 3 L$x1 5jix® 4_>3l£ ill:N AY^ 
<3 S* j>J^l jjJjLtio 4_lo_4ajl^j tulxUlJl ilSlI ^jLlq jla3 a3 :\AYY 

<xui^aJl (JjLhajo £ja 34X^oa^o (J_aJ 1 fl" ^ qju^ < (ijjl J-*-*3 fJ L$jI fJl*Jl 

(JLajlA ^4Ja-uil^j ^1 SpI^-> <Jx ix!L*_fl L_fllj-*JuJ 1 ^j-o ^ * N A TV 

^jjo SjiAj J^jjXj .Samuel Finley Breese Morse ^ 

dLlj Jaj f 1, \7kTi £jLlu J^ f Uaj <4ja^ii^ 4JaXj 

lit ^-UjLl Sj^g-LUA 4 A 1 i I^J>3 ^ a 11 ■ -^ U d i I rtf • N AT^ 

.Lui ji ^yj Louis-Jacques Daguerre ^>.la Ig-oaS .daguerreotype 


P 

William Robert . j~y~ ■"^^ 4_1o_ujI^j ^ ^ > ^3 4 % 1 ^ t N AV^ 

.jLj ^ Grove 

• t 

43jI*^1 j fJUJ! (3 4-a^oJ^l jaJIaj ^jJI <Ada Lovelace 1 j\ x \ A £. V* 

«J laj 4 c\ J 4^ucsL>JI L^jI^Xq < jjjjL £ J-ua^J i 4 »xC^-uljJ1 



jjx oIji3^iu^5UI SjjJs glVilxul i3 cGg Vij .4.dJ*Jill ^jjG 5JT L. P. Menabrea 

.^yLJI jJI SI^La^q 
*» 

'\ i /n 4 lrt /tilI jjj 6^1jk_j Jx 4^_>1 mmII SjjaJI <1 Ui i-L Sj| iNA£^ 

.Elias Howe ^3-^ (^uGJj a iSLLI <xu^ul>L mL a 


^IxaJLluG uilj-i-llJI 4 x.j^o j jjt> 


J1 Alexander Bain j.Gau£JI j^=^? :NA£^ 

. JjUu^JI Jlxuj^l cilfl jjj 


^jJI j^G-dl (J s 3^ S^yvii.I George Boole ^r^ ii 1 «^A£V 

JilAJ 4-jGj>lVl JI33 ^ Gil 1 A_jGuaJI^ J) lr>\l 1 (JjfrA- JJLJ 6jJ^G_LXU 

** 

««• * 
.4ZuiXaJI 4 1 jiij-^-sdl ^uLtul 

_si jJLtdL j±urCC\ tjXAj :\ Ao£ 

ji^-A \ Jx 6 j-oG^ ^ x vdaL 11 t_iLkJLi'^J 1 43 _ic-G jJ^Giu :\Ao^ 

«.^l^j^ll Jjual» 4_>G^ <3 4xiTiA.ll 

.ilijjpJ} VIJ j)*\ ui\ aAiIjJ ^jGaj (j^Li G sj,~ *_fll^J lL Jo^J oA ^1 Ja l N A*\ \ 

J-Lfl^u t^ijGO 4x,JiAl <ljj J\jq IjGj goAi 4 -jj 1-A.A.l 1 4 -l^.LJI ^yA J-aX xl^-o J^l • ^ A*\ V 

.Zenobe Theophile Gramm ^1 


& * _ p 

jbyJI jGl-ojI j-d-ill jL^w Thomas Alva Edison liJI ^xu :\ Al^ 

j £ • £Jxoj CuJL lu tLxi^j ijJLU 

glljtil JLoa-1 Jjux» A*\oA j'Jjjll 4jjlill jl31 ii/jGj iA-uij <J£ 1 Jx :N AV * 

tlAiLG^ A^jjJ t^jl^-tuJl 6-° ‘GGL VN jl iL5 SG>ol j^ix Gil 

’ » « 

• 4-i^jG 4 -xujJjo CiGa^JaJ ^_»jJ (jotJGJI ^ja -G_Ls 4jGG 


rn 







p p 

(3-* *-i^>-o &4 jLqjljjI 3-° 1 ^jjLi j\j ' uH <<Glij \\c. :N AV\ 

a.i.u-.n <gjT 


ptAAl S«.|_>j i^lo Jx. Alexander Graham Bell Jj ^.L^l>a. jaI^JI :NAV\ 

. ." 11 All j 3 4_^^a- q - q 4 ^ *j ^ pijrlA.1 Sp1^>j axil .4_fljLi 3 ^ ^ V11 "V o ' j Ac j d ^ ^^1 

^ * w 

Lord 3 aK jj_jJ p Jtl Li llU j j aj i William Thomson ^Ll)^ i N AW 

. 4_i.ua Li^J I JjLuil 3-° d. a A. i>s d 1 i*C 2tu O^SlI 4ja_o^>_> 1 3-° ^1 ^ A * cftelvin 


^liLo^j 4jCJL kil jLlc^L 4 ^l1o^ Sjuo JjOxIi_i ^Uu=la JjI :N AW 

•dj^A 


p 

(3 CujrLm J^\_i 4 ia,~k I 4_uLij h ^ Sc-Lual^ 3j) <<i ijj LfiJl c jx»Lq^ iNAAT 

•L>3-^ ^3 ifL" 

m * 




(J-ua^j JjLJI ^Lfl ;NAA£ 


.Lewis E. Waterman 


jdj 3 ° ^1j c-fl3L^JL> Jlua^l :N AAo 

ill Jjl £j J^L\ SpIJ x Jua^j William S. Burroughs jjjL ^Jj : > AAA 
JJUi 6 ^)Jm) n/X 11 aJSM 6 JlQ> 3/- >-‘. !_£_dx (t j^ AJ pJL_*J I 3 LclLLj i ^ I i a /7t*i 

. £_ajjIjj JjUaa ^X 4 a \ -V “ ,.. A , iicLiLaJljj ^ jhLJ I ( Jx. ^ ^ olj)\ in £_i jl 

. J i jj I ^-uj L 3^1 La Heinrich Hertz j£Jiu : > AAA 


(iu^vJ^A J-ua^-i ig’JjLiJ 4.vlJiX. pLaj l\A^* 

olilUill oLq^1 j^I SpI^ Jx Herman Hollerith 

cxa±& ^ Cy°3 ^ A*\ * 3 a.\^~ 11 o \ jIjju ixuilxo 3 ojLs^ .Aj-S^ll 


aa uz CjLjLxj 4^JLa_o ^ j )j^ iA (3 c l ^ 


ViV 



m 

z-' 

<3 1 6 kX£b ^UuuOJ i J • iiji I 4jI 4 ^jAu Oj sAjA J Lo jMk fjfAUM^ 2 N A^ *\ 

.IBM 4^_^%Su 

i ft m iSi <Lfl_iLuj La-LLo ^ Ifi L&jG (J-ubtii •. t j fl" 11 pL^y^rd J fl \ o Jya A^V 

P P 

.5j j d- 0 >»-^l i^aj^xM /■ > _> m-> 0>^s4 uJ^? - 


^plyt ^ c-Ljjj (41* .Alexander Popov j ilXJI » ■■■_■ :\ A^V 

Jx LJLkJ o* Guglielmo Marconi .jjjIjJI oU.^ Jill 

«* 

.4_aliaj ^j^-llljJ 4^j-\i) e-Lmd (3 jxALuu^ mo j\£. jrL^I 5*1^J 

^ ^ ^ 5 

.(jjAil ,jx ilj>l=> 4-*-t^a Jxji i» Jx I■> ijuia 1-i xo 1 (Jx^-uLU 2 N A^ ^ 


* * 


JjljLkJ 4^JLa_4 (jr\ oLoj) 1 1 *> 4J I 3 ElII 4_q 1 1~* JI 4_»Jjlj CjjjaJ^X ^Lo^jfc *>.jiL> ! \ S 

• • jUjG 


A* ♦ ♦ J *1 Q J A ^^jlo ^,£ 3 * J&\ dJll& <c ^j jJUJI ^I^aJisJ t Jcujj :N ^♦ ♦ 

jrj-^ll (jOaa^Ja <6J^nxLI 3 ^Lu^q ^jj) kLo Y£^ <4 l~h mft S^Lxuj 

^ jJajuu 4 jM ij ^*C M ^t-uLuail ^jiLuj)) >iuj[ Ac-^ <_i jo*v 

fjC. L>^ cA* 1 ^ ‘vllij Jl «.^jfrrt nJI JU_£l (£ 3 ^ 

«3‘^ *<u 0 • • • jl jjrvl 

.*1 JjlII ^Lijlj ^Jj) lr> II (JLajiJI iiJj 2 ^ A * * 

.Bleckensderfer Electric ilt Jjl U\,^ 2N ^ ♦ N 

>_>L^JI lia» ^^310Ij .Sigmund Freud j_> 1 Jlt ^«i ja «iq" »2 ^ ^ N 

.JSjJI l^j Jaxj { Jj 1 \ 3>^t J-^ JLocSlI 

► r 

iala-uj djjjjjj jyj Millar Hutchinson ^...'.j.v.U j±±* pj^ :N^*t 

-^41 fr A-LI. J| ^C. ^^aIU 


VIA 



" fc J^l3 ml on 


■cjf ■al^JI fj : N ^ * 0 

.5j-o icLu Sai Orville Wright oJj Jjijjl 5>iLL £L.j ^ ^ ♦ A 

tCjL^-oLijJI (j^juu) *<(cjL ijJI ^jLuq)) i N S N T — N^N ♦ 

«A 

.Alfred North Whitehead a$iil^j* j Bertrand Russel J^lj 

• CjI J \ ^ \ r\ q1„\K r\ 4_>*^L» I ^ya tUvll ^ .Va 

i 

V 

3i U Al,< ^ 4-lja=JI ill ’j^> jyLl cjL£^ i» 6at dLLoj jl*_» :% A N N 

.CTR ^Jjlj^ujjJ 4J 3^"v 1 I^ I 4^^i, 

o-° Jj jjJlxuSJIj j f\ m\ AAu Iji (jLuj j ( jxiLo^i iilyLiu : N S N 0 

.4aJl Jl 3 CjIjUJI *- <Ltl a 4-Ll^-o (3 


^j%ull 4N *\ N V 3 Cj jijj jLilji ^3 : N ^T N 

4jIUJI ^Lujj ^jmL ^-oJaJ) JLiJ) ^ £j)jJI ^IjaJI 4l*t 3 .Karel Capek 

^ 6 ^ <4f,/uuJt i*a3J 3^=>Sll 3 La jtilfl ^cj <L£aJI cAlSlI ■- Lua^ tR.U.R. 

u - Va . 1 1 ^JLaJl ) J-C. 6jU mill 31 


>£l a^l i« ^fl i ul fl l l j^l ll <3^ 5JLx»j)) ^i-AiWia g_iia^J rNSYN 

Jjl u^ 1 J SjrOlIj l^sfc 4-ii^JiJ l JLc^n 


JI Lg-oxul _£-*j <4 dt ojl cjjjJjji ^Loj^J ill : N S Y £ 

*4 

J^lxull 3 £*o tIBM 3[ a^a^- ^ L$ ^ ml <CTR Jja nnll^ ilja^JIj 

Oj> X aJ 1 ^J 1 4x-l u.s-> Sa^lj 1 u^*t ^ - Vt.\<v II ja^II ^a-iiLijJI 

.^JLjJI 3 4 %ci l % ■ ^ 4 ^\jCL 

.^jy±y±& ^i>3 3 -Ljj 4jjjj-uj! ! \ ^TO 





^ p 

iflja L$J (jujJ oL^j^SLl^l jl J^iL (^jJI ^ ac Ijjuo^^VV 

l^S^uxi plj)liii O'JG Jju^ 4-a J_CU <4 lo“^ o £-St^J, ijJUl^l i, >,r\ m 

.^£JI K nlfv \a <—SL«uS* 4 l Ij^J ,Jj sjjL^. J-c J * 

4j-u*j^_ftJl 6JJi ^Ij^aJLujI |aJi_i < 2j-cu^ ^/UUl^j 4,ij,^j-fl JLoj^j I N ^ YA 

.JJlUxII (3 cjLjLii v^jLatJI cl £-^1^ 3^^ J-c- 

Philo “ l 'j ^ *o ^L*JI dlj 4joji Q^jj.flvr> J^l :\^YA 

ik-cul^ j^lil f-IJLiJ SpI ^ J-c J^^Ji ^ <T. Farnsworth 

.Vladimir Zworkin Ca£ 


di'!il-ll JJC^ 1$i>xl 0tJ3lxJI Cj^-xj ^j-o 4jLLL> *"1 • t6J-a^i.1 CjL»*^I^JI 3 

^ A 3 jf' atjJI 5>d-^ j ^,a> hi 


ol i^LjjJI J£ 3 4 \-o.aI oLIa jOll ^Ji^l Lbj^Hcl ^IlJI < JLa3^^l ^ jc 4^a j-ya i S AT \ 

• 


jJ^_U^ J ft*! <t,VO J ^ .tl U ^ <l^Lxol^j (^xU O ,uU»jl £j n> o[ ^ ^ 

tRheinhold Ruedenberg 

«. 4 jj—<wlU» 4 -lI Jj^I J^SlI gj^^\ll ^|JaJ*J ^3 i \ ^YO 

< ^Lui >—)j^-/u-J3 J^I 3 Cy* ‘Grotc Rcbcr A~*“ us ^YV 

^ ■* 

.(aos Y \ ) JCa *\, i ojJoi 3 ^ 

' M 

jloc^l Jc» 4i*_j (3 (5>t=^ ill gAjjj3 : N 

p p> 

J-^U JLocI J-c Cj-oi- 5 ^ (c. 4 .Lxu^-^iJ iLLflJI 

4j guLi^^l l/^L? Alonzo Church L yjj\Ju ^ 34 ^^ J^iu :NATV 

1 fl ^ * jl ^^uluJI JyCoj l? 3JI JjI mil 4j ^ ^>jJl 61 AA J^fi3 £ .gulj^)^3 ^/wJu 





julS 


pl£jj il'ill pl£J ^1 SjfCfl jaX-Jj Lo^o <CjLuojjI^^. ic^-cj^-o Jl Lt>j 1 js \~\^ i c ^ ; 

.<tj_LU Ltu'J t 4a^-ljJI ^j-o 


Lazio j)j< j» v—i&LiJI ^ 151 ^/L^wl SpI^j (J^x. Jj? It ^ i N *WA 

.Biro 

.^g.u liVjl laoaJLl j^oC. (3 J-X-I^Jsl 6J<4_oJi3j-li 3 Ij-ulaJI O^L^j Ijj3 I ^ 


a>?* 


■(i~*U JjU ^jx. 43l £*) ABC Jjt 

.Clifford Berry aJohn V. Atanasoff (A^uUtl 


p 

6^SLxjI (Robinson ^ouLj <_s^^-xl.1^ JJ a i N ^ * 

.^jc^A in o'JI 6j-uic 4 _ls Jax ^aJI jj)g yl\ (Ultra IjrUI 3-*j>-^ 

jJlUI JjLfcOj 5j>-fl-UJ ^Ia3u L)J) uU ( J.^,J (4 .»ji^-LOJ ^IjAILfculjJ 

.^jllll ^A- Q . u u.lt ill Jj! *((Ul4^jL> 

f- 

J lA$^ ‘Z-3 V jj j-Aj (J^lSLIL 4.1^.^ ^ Jjl : \ A 1N 

jj^AJI qLuAUjJI pJlx. t Arnold Fast c^uli jJ^3j1 jAUjj .L3LLI 6-° <Kornad Zuse 

.jJ^clxJJ j>x>La *j d ^ * ^_1J JjLS ^3^aJLxJl 3 jy& Jjl <V j^ 4-^-o jaJ 4jLJa^3 ^jJI 

Walter Pitts JLllij Warner MacCulloch Jz^JlfLSLo j3jU i-Lu£Iauj :S S IT 
iiuahil l^Wvi l ^L^JI wxJLul) U^l3£ j pKJxU i^xJI o l^J I JKLaI 

«., * ^ aJI Ja Lilli j 

w * » 


(Colossus ^ tlfs\j^i 11 l^\JI ^3 iz^lj A -o ^ t 'JLoSkAujI 

^3-^ SjJloj jJ lc 43jj3 u^u-llu <U3lUi 4_JklxJI . ij^JI 3 pLcJ-^JI 3 ^jJI 

ijLo 3 -0 Jai^j £^-ujl 4 j3^^a^J| oLoLa-uo a._w*\ jit ^j .IJj5*3 4«i3LL'J 1 oI 1 

. £ ^ ^ 

•oj) 1,1 3 >l^ojA3„ii)l ^3JI cAtAjJkl 3- 0 ^_Ll 1 



^ -k 1^13 JjJjJ nU 

iaj j vi ^ Ij .Markl > d^U Howard Aiken J jjd* >de :NS££ 

j\JJ lJjLs i 4^LJ^jr^J| Cj Lo 4 -=k A J* i j i_JSlLo 

d lViy-v l 

3 J <uaiult oLujI^jJI jq ** > j <d^d dd ds^ :N ^ i0 

p 

•Ojj^' 2-*^^' fj4^° <S4 i_Lkeu uuja. Jjl J^uJ 

iaJLkll j (‘Cajs^iJ JjU) »lt <_><i_>£■ <^j ,_Ul£JL> jjjjJuaS Jjl :^£*\ 

uMu>° .j 0^-3 John Presper Eckert o_>1£j1 j^u>^ e>jjio -^y^7 11 cM iy* 

«* 

. > djLo d* <_ill £6^ ENIAC dLpJ John W. Mauchley 

Jj^j i\ ^ £*\ 3^9 .oLdu^siiJiJl 3 d° J^Luiu (jjj jjuJjJI ^LLxu iNS£*\ 

jii3 < • i ‘ ^ J[ cL&dd* cd" JjEudl ii^lU <j^uilJI 

«« 

.\<\AT*U j&lll. V <> Ji5liL. VY Jl 

William Bradford J^j^j jjd J d Ila^ui ^ ^d-^dW' £Ia^- 1 d :NS£V 

John dfd^3 ^Walter Hauser Brattain ^yd ^ujU dJ'jj ‘Shockley 
CjI^Ll! Jj>^ j-J^Lau 4a£J |d a Jlc j^H jJL> jl (j ^ II 1 J-& J.a3>j ,Bardeen 

p 

&jd jj. jd-^dW' daJj -Ayv iil djLc^-uj_> «_ili;)llj J J » »n 1 1 4 jj 

£ P 

^j^Jq3 ji pidj) 111 tp^k.< j p- o «««ij * j/^ii 4 jl11j oLj*££bii <3 

. 5_/\JLuaJI Cj 'dj? y^-l Ij 6y\ i*V 11 gJljLil 5>j(] ^1 

& >j~W\ ujIj^ *(4_u j* \ mil) Cybernetics «cJ-ILu^i^!l ^ 4*±& Ij-U^ 11 ^j£.» r N *\ £ A 

* f. 

^1 Cybernetics 4 aK L^jI .Norbert Wiener jl±i o^L q d*II 

((.ilSlIj d'j?^^ JLuoT^I^ -%*\U aJ^.)) 

( 6^^-xaI i LxJ I (3 ^ a < ED SAC dCujtjl iN ^£^ 

ojlijl 4S»^jj Ali^d 0 (^dll <BINAC dlj-u 4j-o£- Jitj^ 

.jwxfi Cj-S^ Jju t Swi-JwLzd I 4 1< I j} 


TOY 



«* 




. t Ji fl I G i t n^i Ulc George Orwell JjjjJ ^ 

jl 4 A's ,All 4 jJoI^jD^j\jJI 4 In Cj \ v n\ 11 ^Ij^Juuj) 

«. N ^ A i » 4j G£ J 


<^jG^ J <UNIVAC Ojl^l jj-Gj : N ^ 0 4 

4-X-O JaGuLJI ^Li jljJLj (Jjl Jj^LU-J jljJlllI gLjllj I 4 a! JI.I 

d -v Aj* 1 I JjLfl j" J t ^ 1 


jl nAl 3 ^' ^ ^ 4 *...j-v 11 4_J^II cjIjjlII)) \ 3 : \ S o ♦ 

.^1 ^1 4_l±J 4J1 CajI^ I j| G> Jj J~k"i 1 4 1 \ in^p ^ 3-^3 

3^-0 a 11*111 i 5 % \ VJ, I oG^ jJI 3 3j^^ * 

. JGJI ^GJI J'dA LLlX* oljliJI j^Ij ^AiAl 
cjjJJ jjjxv^ i^^j» Claude Elwood Shannon jjbUb jjK :N^o* 

<«,4 \Q mlfl II 4JLaJsl» 3 (jjjJI Kg3^-G-<Gll 

p 

j ^.3 (iij ^J3I ^A3 ‘EDVAC cJLfljJ 3 G ^ G1 ClZ \ ^ 0 ^ 

.LuLiLaijj 4jt-aLa. 3 jjj-g 4-tujJja <3 Cia *3^3^“^ 

.4«uy\. t-uJI j^aj ^ 0 G i a > * iii \ J \ ^ 0 ^ 

(J£Loij Gi!li (CBS G_usjJ! \jfiL 3^3®“^ £ ■*-* 4 ^_uL ^LGj 3 cJLfi-u^j ^1 jAjLluG t N S 0 T 

«6j-^_lII oG^I <_« <^^l $l$_»3»1 .j cul jj e_jLs>CL»G 


• i T i _ > >H f > a - (j jjILiuJiljUl jjjIj _>$-l=>:N ^OT 
Jjt <V* \ j' jj.xi l Nathaniel Rochester j^uJujj JaiUU ^^ loj, :N^oT 

jJila Jm .i^l Js.1 ,jj> ^Sujuiu fkZj .jkl <Lr J .</\ 4^j-iJ ^Uj)ll Ja^. 

•^Jl 

1 ft 



J-uiLuJ 


Jjj) > .1 UIIjj . J JMA <* U> /mI|^j dL»| 4 AJ Li^a v< 11 4_v\ v 11 v Q1 “\*C I ; \ ^ 0 V* 

.Francis H. C. Crick _ a a nW>)James D. Watson 


4jij»J »|> ' | . nls^it « ^ Q >i» la ^ \ a )> juu :^or 

4.uullL> aA* jI ^JkJL» ^a-LgjlJI NLSl jLlIcI a3jj C'tCi Jj^^ .^J 

** ’ 

P- 

.^Jj oljU^ (3 ^ *Q Xjuo (JLaC.1 jjLc iMJo l \ S 0 V* 

^ •* M 

X 

\ 

ji.f.ijJl 1 J-> diijLJ ^ ^ ~<Nl . 11 6Luu^ A jiU <1.1 13 ^ :N<\00 

4^^vu 1 ^ 1 j^jJ wJJ)S j 11 4 ^jvu I \ S 0 0 

.aI.^j.^I 4^j-uuJ \ Afl a Lu^La (JlLaj 4 ^j-vxJI 6JA Col^ < .AjIj } lli 

w ** ** 


YY • * ^.Ku.u j .l$J Jjl .^I.^.^T :N Soo 

J-c. J j) i ^^ll iijjJcu ^Co_u^ N Y * * ^ 

•• 

. 4_)^ Luj-a 


.icLl^aJl (3 L^jold^j-u/J l 4 j_4xu i!Si |* * a i^-Ci 4 ,< 4 ^^uj j^J^3 i \ S 0 0 

jLi 1L> u j t Allen Newell Jj^j Cj^ La>j£ajI t^UL-ual SJJ Jjl IPL-II :\ ^0 0 

.Herbert Simon Jj.a wn o^j^aj <J. C. Shaw 


V ^ tjj '^^ ^ 4xaAl 4 ,i*£ ^JLuA\ CjI j)Q Vj) ci iApJI ^qLj^j dljjj l \ ^00 

.j\ fl <n^3lJC lu ^SLxJI ^3 4^k.^J.I ^ujlj) ijO 11 4_lSS^5 CjI J 

. 1 -v sNl I d^xjjj Llu I o'SLi ijaj l-kuA-tu^J 1 ^ ^ 


(JjLaill cii^. ill cjLijj&j a.jajuxuj ^ qW vlI \ 0*\ 

** * M *" ' w ** iT * 

o_>jja^ tj. C. Shaw .^jjj ^ 4 Allen Newell laJ^ 4J^-lu|^j ^3 

.Herbert Simon 



^ IjLl (J Utli.lU 

(FORTRAN 4jJ John Backas jj^l^b 3 N $“^ j^j-3 • ^ 

^ p 

4 aa j-J 4 j 3 c. 4 JLl (J^i 

Jjl (MANIAC 1 \ dlLiU Stanislaw Ulam uJ'^Lu^LLlu :^0*V 

.^oji^it SIjLa 3 6^ (*3&f 

<3 Lip (_xjJ j-jii 1 ^b ^K JI cjLjjIK JU J^aj LjLx 3 ic.bu Jjl * ^ ^O'A 

^LuJDj^-fl 


J 4 iK 3 H ^aj^-s d I pI^ jJI ptlbjuSuQ icbjus C,xa1 A *\ 0 'A 

•* 

.iu^a J\ aUl 4^y\I* f^ yi. <( > 3* Kenneth H. Olsen —* qaL^ : N ^VO 

^3 *3^ bull 3^ c^J , J i3ji (a s (4aL*JI 4, K n il I 3^ ^.ab^j iN^OV 

p 

°‘jbl .(_>o .£ J ‘3^>> <J£-N ‘ba-ixil^ 

^^« i~u^ ^ it. vt<iU ^ b oLx3j)> ■ i3^* Noam Chomsky ^CxAAjpiu 

3LaC.SH ^ja 3^ 3^^ .4 mr\* II 4-iJil ^fl fl. l 4^1UI 4 a-oj^JI jbk 3 *^ <» * *jb3c.l 3 

>4l>JaJI ob jjlUI ^ ic t 11 i—ifl 1 3"^** J,t * 4 b ^ k (u ^jJI 4 a fl 11 5 j\ I 

Jack St. Clair Kilby ^Af .c^U dU ikml* iULiU 5 J>\j> jl£ul ^ :> <V0A 

«* 

. Luij di^n <> 

p 

d U. *“1^ r 4 jojLlL] ^jjLfcidLuj^aiJ Lu La a a 3 ^C-bL>i>*Nl pbbJI ^/\3A-a ■»i a 11 b ^k3 

^ «* 

>c > < ii it A C/djUj ^jK^a 3j~k. 


3 ^d LxJI JN t i jti I ^Jjj> i I b Cj 3^^^ l b . k n I N ^ 0 A 

«* 

. oI j)‘l ru jui£, 3Ndw J) b XU 11 

j l^^ ^ Us^*^" bbj^Ja ^c-bb-ual pl^J 4 JlS (LISP l.^ojjJ iN ^0A 


Too 



J|lj J-oA*UJ 

p p 

^ Jfl > ^jJI tSjjJalll j'UjJI oL^jI ^yuLLxu 13 ^3 :N^oA 

. J t S" / lit I (Jt |jj_Lau S _LxJ J) \ 11 ^ 1c J 1 -« (3 Jj 1, 2 k JuU 4 


p 

Jjl ,Ulj ^ M * i Seymour Cray ^\j£ N<\oA 

. J-al^ JiAj 3* 3j^-* 

4 '-k ((JjlLuulo (J^-uu ^ ^ (3 ^ ^ L jS *<->">> ijrA£ aJL ?- :^0*->*oA 

«• 

.11^. 0-*-^ Jl 


^JLj . 4 JSJI ^Jji 3 J^ 4iuiljj Arthur Samuel Jjj^Lu jjjl J^5 Lj z^o^ 

p p 

.4.1^3 (3 0’V £: '-^^ (J-uo-fll jA«j Sjj^ (j<tQ m 4^qL^_o p-IjU iUljJI 4_)a 1 ^olj^j 

I-A(3 «6 J^Jl 1,I (j 3 ;-. 31 3^° A&3-* 4JLljjJJ 3 * fl ^ 1 ^ I ^ 0 

3j*ia ™ 411 I 4_i^-u> t^AA <3 3 ^° 3 ]* ij^S^la V jldl »««3 ^LaJI 

3j^-^3^ ^5 ^ * N ^ A N <3 4^ a i^a ^LaIa A 0 * 6jl^^ JUc^l JU-o ^ j^Xau cjb jpjji^ .(3^ 

. N ^ ♦ 3 3jh^O^ 1 $ < \ ^ A"\ (3 4 '■v q </^ 

^J1 a J ^IlKI 4i/SLl ^jj^a ui?£ 4JLl ^^3 t COBOL ^ao 

CAj I 3 IS ^Ul <Grace Murray Hopper <^l ^ ik-Lul^j ^JlapSlI 

^ •» * «* * * 

A ^zJ^LL 3 ^-^ ^j^-ll 


»1 ^-> jSLuu 4<nL> ill ^1 ^.jl a > i ^0 A 

p p 

.o4^lj)loinl ^j^juluj^ .J>jj 4_3ljUo 3^ojLo ^ ^V 

1 ^ aC.J L>i ^jXi 4_iAi-ujJ}Ll <j^WtI t ^lijjl ^La^ji Cjl-P^j^JLua iU^ ^ t ^ % 

x^JI i,LA 


■j-*^ 


,6J^lU uWjJI J J-aaj ^>Jj).i.ua5b i_I <!Luj Z ^ S"\ 


ro’A 



•A 

oLjj \ x II \j\juut 2 i ljj£. d U>1 s 11 4 _*JLj 4 w is\ x 11 4*\ w a JI 0*^1 Ipt jlUi^JI 

.JjB (3 6 J^. l~k A ^jLftjJl CsAjtk ^jl „Vv .frTiS \Jr~> 6 Ja1j 4_5jl u j klv^ 


uiriMjjiuLuL j time-sharing iko^ll S£jUkll kJjl jj^k> fd: N ^"V \ 

a.-.s-ii 


4_o$ll "' l i N l 1 tLia-Jj .'J jp 1 r-1 .Anil LoCJ ^ \ \ \ \ \ (ojjL) t\^*\N 

l a ' If-- I t ^Li < ->• > 4-1' 4JLml 1 1 4-»4I . iU.14 i I a \ \ a*\ 11 (4c 4 

A Q ii ^J1 , «A .V* 

. 444^1 asyt, ik^hM J ^^=5 Jjl :\^"\Y 

^flflll Sju^vu iftl Frank Rosenblatt o^Ul^ojj <^Llji ^jJLj :NMY 

4jIjJI J il^l 6i^ o^UUujj «.4ji4^jJl l^LuJl [^jLu5» 4jL£ j perceptron 

<4_uul^xJ 1 “»K * "» 11 * *«* * 4 -v 1 Ljl^q UjLS£.Ij 

4iLtu^J JjjiuLLco 4 j*_oL=w (3 i/V^ll *l^<jJI j\ \ *v jTt (Ji> till Ij f±~\ i l\^*\T 

m 

(2^_fl^Lo 4-lo.iii Ij^j j\ \*\ 11 ^rGlliJI <_£j ((^y-cl ‘vWi>~Nl oi» yvu4 AJJ iNS'W 

W *4 

. ^^wOJLXO 


^3j).J^l iPDP-8 ,^c 4 _usl 5^)J1 Sj>£^!l ii^Cu ^j-1a3 ^ 




del v^ dl<YA • 1 (j“tLjiliii ;NS"\£- 


aJS 4 -o John G. Kenny ^AiS .> 4^>.j Thomas E. Kurtz j3.1 (_>uUjj :N^”\i 
jLJkoil 4 j^o^) oL^jJaj SjjflLtu) BASIC c*.li ajuLJI 4_iJ Jjl^Ljua Jj^-cujlj 


rov 



b J-*tLuu 

^Student doc J^Lmj DanielBobrow J^Ij :NM£ 

(3 4«fcU^jJ.I (^^ILuJLQ JlC pi aK li ^JjLxtUQ d I^A * d U.^if 4jlJ 

J >IjJI Jjij <^UJI 11 a j ^ tGordon Moor j^ :\^*\£ 

^^-0 ^. 1 < M L) Lfl^^JCO ^ t *>"* 1 <H U .^Lc ( 1 J^ i A- Vfl * * I flf-l n--> j * I_£^LU dloKll) 

.4jb J J&£. 6J-xJ ^4 5 V^Lll 4j*!bLj JjiSj) 4a^. i^> Od-uj 


♦a^Lc^I JjLuj 4jL£ J'iLk jja ^Marshal McLuhan ^U^J5Lo Jl£ijl* :\^1£ 
«4 _JLLc, 4j^ 5» jl<“ ^ J-t Qdill dx^>LL <4 jljjja£J^!I ^Lc^ll JjLujj SjjjL* LXu 

((.ilLui^JI wIi^JI 

ptAi^Aiu ^tUlj <judL^> 3 cjG^-s^jJI aJc ^ ^ ^ > * /nil :N<no 

^ «* “i ' 

.Raj Reddy ^ ^ pL^jJ) JjLx-jI 3 


iijlS-o[ jjuo iii-uJi o'JjU-o ic-j-o^Q HurbertDryfus jj cj:\^o 
pLaAJ-uJI)) l^jjtj RAND j^i^J 4^jrLiiui 6^^ a«o (3 ^* f ^ pL^ jjl Jlc. J.j) 


M 

<jL ^LxiJI c/dSlI icLlalxul 3 pj ftj < < 1 » \ ^ Ao 3 JlXU cj^^>a 1tVu i N \ *\ 0 

«.^jLtaj^!l 4-i ^^iL> <jl t 
nill j^^.\.y^\ 11 (_^jG Lajj 3^ ^axqSJI ^ninttj aj : N ^ A"\ 

^ SjjL^JI ((Newsletter j^Uj .Stephen B. Gray <j \^ dU...lj. 

M 

t ^ 

.ol^fcu-aSJI ^ o^LaII JjIjI ^ i \» OTfc II 6 J-4) 
^xi5vi t j^^!aJ-lo 4 L^t 10 11 41 >Ac. oLuaiftj ^ i\*i I J)1 ^ (J^l ^_>! \ S *\ V 

.iioliill ^aATiuo .Medtronics 

< e 

.(iLKiil oLj 5 j^J)!I) Intel Jiil 4 o^S* Cj ^3J3 J3* 0jA->3?“ ^ 


toa 



(j-UiixUj 

4* 


£ 

jj)^K wile Jl iaJI a ^ a m \j )j usj-* (^dll S\2 11 S^d j*!±j : \ A*\ A 

Arthur C. Clarke d JjJ\ tpLoiJI 5-oujj! :Y - * N ^Li d HAL Jla> 

.Stanley Kubrick d-j^S Jdllxuj 

%* 

4_fi_iJaJ1 oLi d \ *«>«>» li £j\£ ,1 inli J ^ J_z* Cj^AjLj jj) -<*■ v < > >^ /m\a ^_fljLc> 

ixt-ijiJI «.Perceptrons ^iJI <->^» L^jl3^ j 6^.l>li 

.LoLqj (J is\\ft LaA. Ijl Lo JjJLsd d*- ^ 3 a 11 4jlj^u» 4-1 Si 1 d^ * 11 

.4 * * ‘<r> * 1 1 45v j dli 11 OI ijj ^aj 4o-oiLu^ 1 4 i ~vIjJl u 1 i l 4 _a^ 1 


i \ *\ o A 3 4ujIjJ1 S^3 ^jIjl-ujIj 4.a.4>.u d^ j^uLlliI ^x. t^o^Ll) ^Lq.^.1 \ N AV * 

£■ P 

.^*La dd® dLo 4jdf- v —■^1 <d^(^3^ V 0 * * dj, JjtXLj 

.od-d uaS. 1I d oLjC-j d-0^31 d^A^ I j-^Jo ^3 tS AV* 

d\54xa£ Jjl PARC ^lll ^JL 3 oUk-j^l ojjJo :NAV* 

m ^ 

jdLuJI (^XtjJfcJl a1jlL3_cu1 J IuU 1j ^>^-11 13-& d ^3 .AltO 4 V 1r d 1^ 4 ' \S^ ^ 

M ^ M 

SjU .bit-mapped graphics oJI ^U;~. 


jji>j .SHRDLU SjjLJI <GiLu,j Terry Winograd jl (jjy :N *W* 

.(Jli-ta^ll y ** 1 Cjl i aS 1 jdLuaJI ^aJL*JI d j)A~ 1 1 ^^jJI dj}b<»11 jj^Li 4-i 4_iJ 

,4_u3^ajlJ 1 dj. 6jLfiHi 1 ■_»xauj ^L1a_l11 1 JjS jliLLl ^ dJj J-XiJ 

.£ • • i Jjj| (Jjij gJL*js Jjl Jlj[ cta-jJa :> 


,|k Jilfljj »_ >j-uCXJ^ J-jLCij d^ 1 (3^S A i t L^.11 6^Jj) ill J^I ^J-l^ ^3 tN SVN 


cjIjjxJ bjjJsu 3 Lf.UA -.swr 

** M ** 

LluLluI dj)^~ d' ^3 ^ 1 4^JL»I1 db» ^ 4 «41 ax 3 d^ ^1^>3 aSJJ d^^ 1 

.^Luu?i\ ^Kill 


ro^ 



j(J in 1-i.a i 


Herbert W. .j Coj>kj Stanley H. Cohen O SVV 

«* 

o*j <L^»_k5 ul u' Ji B oyer 

.iolxaJI * *■>v»flH ^uLAl J-qjlII !la> .Escherichia coli < 5 ^ 3 $ L^j^l LjryS^ j 


SI 33 J ii^a JJI ((.Creative Computing 


» j«ulu I -U I N ^ V £- 

•J3^' 


.A* A* 8 -bit <jqLjl11 j_laj gJLauo J 3 I jJb o*- J-^I ^£ 


p 

4-oiA^h ^ya jV\I Jl 6*12*1x11 oLi^ jJI J 6/*-*-*«dx!l CjIjII 3iLa5l.ll CjL&-jxo o1a^ 3 iNSVO 

Y o "V ( ^yQ Sj^Ij 4 J .Altair 8800 AA* * jCLil ^ Jl. 11 j3 3 llq5sJI ^jlo ^33 <^Jj*ill 

.cuL 


jll^d J-c- '6 x OJj j3j> ila^ 4 l^.a J 3 I t«BYTE cuL»» j-viu ^3 ;N^V 0 

Sj-iljJI Jx Cj ijj“ mj3ljrUI JjJUa 4XxLu£L<a JjX 4Tvlc>.^ v l^o 33-0 U3^3^ Jl\^V 0 

.IJ$Ju ^ySj^i£Lj <C*jjl JI j^JZi J^i£- ^o iloiilil 


^ &pIj3 5JT J jI <KRM SpIjJLII ill jr "j i ia*C ,"A a ^jiu 

4_)jv<aj 4ja ^1 j 2 j A ~ 4 axOj JjI Jx , V.f>3,.m3 ^£>3 . jLuulII 4x 3 ilnl I 

** «* 

tl^A !^jldj jj toSL^-oJ 5 i . ) d r j j U. [ 1 _> |^JJ . a J a ,"ij ,ai 1 j q~ ^ djSjl ^ J 1 ! a" ^ (OCR 


5^,^> Stephen G. Wozniak dUij^ Oyiu-^ :\ WV 

.(il^ ia^H Apple JjI 


5d i il jn J i I ^£, SLl^JI d a < 5 -w d i fit a\{ 1 £jIjj}j^jJI ji jo q ^ i N ^VV 

f4^ <i J^e ^.. L u rx LiL 

<■ r 

^ll^j J idjJ t^ 2 i t_cUI Jx. Jjjl JajJI ijtjjulj (_ >jL^j <_&3lx> 4^j\L 6 ja I I N S VV 



t_J iill iiU 


(3^ UA 3 I 3 J-c- Jj' ‘Apple II Y Jal : N SVV 
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.3j 1 <^^ I \ d il4. J_c a. v a" »11 4 m mUH 

Jx. 6 J-Ci~ia.il olj J US\ JlJ I a , L^"u.iu 3 ^ 4_l^jJI 4_i^ioJI oL»Li^J I 6AA 3° ^ 

Sjljj <4 k \i^iJt-ll icIjjJI 4 \ W\\ C.^^3 (J^^3 3^ (J^ 3 ^liiAUxul ilillA 

,4jj^!luJI ^g-flJlj dljj^l CjljdiJ 4 iA 

£* j ifljLiil 3 X 3j3^Ix Cj1c.Ij3-^^ JlLa 3 S 5 -Q *4^Jlxuj ^ 3^111 

6JjJ^ ^_fijLx^a ^ sLujlI^I yJb t4_^3JI i^xl AjJi t 3e^' 

3“° S_Sl| 1 3-° jrAwO^-UXflJ I -Ui-ri 3“£- 4 -■ t. *i\ A I VflJI 4 /■> s \ A U> U -s, .L^_aJjLjJ 

r Jj^JI _/33 ( 3UI 3-o 3 jjL 31 
,4j^jJI cjLu13JJ 4_lxjjl 11U J^L5 ^J-La- ■IXU5 JJUi jhXlaJI L^^Lo 


.33SJI jryuo-o Idlj iiu i^jJI oUdl^JI ... 3^JI dJj XLA SjJJuLo C>Lj-ftJI dJU 


ru 




2 JlS 

H ♦♦ ♦♦ 

£jUi 


di^ ajI J\ /»<! ^ fl j^LaC. L&,aC jj-Li i_uj ^ i iS>\ 1 a K 

jl P^OLJ .^JjJ&l I.JX . 4 1^ 1~ IjtLojI 3[ 4 1a. 1Q 11 oK AA^HJI jXj i4-ljJ U ^IfLc 

cLa^. a * .pl£o 4 -j! j-i tplSkjJI ^jjq ^_jl j^c (J*^ iij <G|. 4lLilj j,~j t v a^C II j 

. 4^Q-iu 1 * 1 ^ A 1 .4-1 j JJLulJI 

^jU acLuuo ^Frederick Friedel Ja^ji aL^aj^i 

«* 

.4,.ia nj ^J>X (^alt i aa^II Jx J)laj c—flj^LixulS 


_d 1 rv-v 11 oJ lA S^JS 4-xiJbLa L$_jI 4 _LcuaJI 6JX S^^JS 

Douglas Hofstadter 


f- C. 


^uaJI CaJLuj SLix (^j-q 4^Juu] ^1 ^1 aJJ-u©£ ^q ,_Ajaj_i |Jx 

.L^_l1I <—>Lx jJI (3 ^ 4-^^JI Jx 5jrA-i^ 4_=*.^ j_> jaLxj lax 

4U5II oJLi 

CaJLS ... Ijr\u£ pJlxl 

.4l"iflll CjJLi <4_Lfl jrt liU u> (_£ I I^vfl-1 /j, J j 

r“* ^ ^ ^ 

^jn vll CaaLuoI *Lo 3i ••• 

iiLojuo o*i»A 1j| i 4J©_qJ 1 cJli «aUa (jdjixLuj aijl j£J|JkI Cy 0 i ^33 I 

. d 1 1 fl*C 1 1 4_Lfl Lo_i 4_h ioJ© 

4* 4* 4 fc*Sr 


Lewis Carroll o^>l 



4.1^ Jil ^jLcA <L& j 5JT 4. vA X 

4. i ^ ^ 4_3loLs- 3 SAl -v ^ ^L5JI 3-4 d Ia^^J v\ a ^ ^ > I a5 3 ^ 

SA-UQAq jJ| (JJLUJ *Ia^ (JJAjJj SIjhqI Cj AAju^j 4AiJj} JjudI 3j K ^ 

4fl ifl-JI)) ,4 jJI_S La IaX <«4J£ jjs^II 3 AjL 1^>-1 AiLl (^Aui IjAC.» .’Sc-ljJL!I 

w w w 

P ^ P 

3> jj-*4 .«.4 ^Ljuq SLa^Lxt ^Jo Jx <j u\yi 33^ 3 1 

P ^ C- ^ C- 

IjLa JuC <^JJj\3.1 <1 ><n,7fc» .JLaU ((S^.fl. xii-*. ljLX (Jxj ^l» ^L^-xIaj 

M «* 

P 

d-^ <j“ 4^ Al i6 j^ ,) rSjxL:*. 4 jL>J SaJ-ujJI <S s J 3^> «S5 U^L JI e>^LkA 

((Ssl fl^fc 1 «|JI aJJj ^1.^7 IjLa Jxj» ill JLaaJ 5l ^ 

p 

>a>j <SljLU 3 Sl La^La i» :J^i3 jjjj 

3 <Laa» .Sljll 4^.j Jx ^ j A JI 4-otJx .aJIJhjj 

L^j!» ... 4 jJI_S La I AX <«^JJ L < c-Lic «*Lmfl7 Jx jij)) I 4 _Lq_j*. ■ a ■ \ * 

M ’ 

1 ^ K Lajlj 5Lc_2fc_Ljj 

* 

Rolf Landauer _L1 jj 


P 

/oifll p^uuJt 4 aJuj p-t^jJI a <«SAjA^- ^LkuJ pLu» <3 ju °’ fl 3 Cj^>^A 

33>-j i 4jlLojlJ I 4_> l$a 3^ * ^ A_Luaj ol) LjX 3 IjS *i! 4a I 4jjJg> J I j-Lz*. I — 4 _LuA_j 

4 i^aLk — pI^aJI 3- aAJ * 5^)L> *J 41 is\ \ 3^-3 *d I tU j~uLfl j\ \*\11 IjjaJ 

iK 4 jlLoaJI (j^i (^jIulq 3^ ^_aj Li.i5k a,) .ajLjjILlha Sap Jx — f-l^jJt 

./X ^ 4 -V t ^ x^yU d 5 t J Li 111 LatA oLi^lixJ.I 3^ JaxS ^jl u 1J 
3 l ~iXUSL) I idjLilj^ll ^JiA.ll 1 3^ jiSaJI £j\ Aa^i.1 jAa i LxA AAfl 1^ 

M " 

^AXj jji 3>^l 6 AX (J-o 3^J J^-oa «. ( _j^3-ll JLx ^KaJI 3-° AjA a. JiX Ul 

CjlajjdJ 4aj^aj 4al^"t <n*jl 1 (j \*\ tw a-UA j L^*\ >*j .4al\a>,> SaAjxII <J^\ <*iaII ((4j£a» 

A-AZhJI Jl CjL>jUII 6AX iljJlx 1 vQ l.^ iiiQ\ 4 \\jJl CjUL^JI i^jJ \ 5AS * I I 

CjL) jiunfl ArfU^’j jxl3 pUUI JoP ^^aLa. iU i ^ flifl ^ IaXj .4a_tolla I \ \\ 

LftjajAS LjJjLa-j Sa^3 4 ^ A 4 \ \ iqp 4^..u7» la Lou I 1 a[ <3^^^ 3-V Hl 3^ •f* 6 ^ ^ SaAaXo 
3*v J Jj^ll 3 lin " v ^ 3 Sa^Aaa gcalajJI 3^1 in <4-iJJlj Afl Xj 3^ (g fl Jx 


Saaaj. 11 oLyLuill ^Lsljj 4 q iiLtull l\ll^. IaI d.%.^ Au 2^^ 3jK rirhi 

JluOA^U AajiJI ^Lu^)! I 3^,7 J1 I AX 3 ^ A ^ J ^aJI ^jjla, 
.41/-\ 3^^* AL1 nhfl a \a-^-j 6^)LljpIj :4Pj^1-J1 ^,11 S\ > ^IVia ^;J^iuJ1 

a^> 3JI (g is ^aayilJ 411 iu jil LjjaJ 3yCL»> ^*3^3^^ aj^Lla 3^1^^JI Llijx IaI j 


rvr 



4 Ifl m ^jLoj 4 _i'^L!L» 4_i$ j 5JI p. kx^~i 4,ifl i*\ 

— (S3 l^ < \~kll ^ ^jC. 4 Jp*tll 4iLLii>G iJ-=*.1jj Jllo ^ 

w H ^ 

4-i. v-u^vc o Viij (JjuaJ L \ i 3 ^ \ j) ' • 3 j?* is~\c. Jj^jXci A L^jj 4 \cl Lq jJ I 

^-la.) 4 j£jJI O^SlI (J 4^11 i^uajLil .ol>U cA-^La £j5L<io JxuGj oljil 

^ i/1 11 4_i5\ J Jlx j ^ 3 ^^ 1 in ^4 jI_luJI 4^11 6Jj4> I (3 ^ 

.P-l^ j-ll pLu oLU J^-llo Jill l VWU 1 4K 1 ■<■! 1 \ 

» ft ^ M ft M ft 


3l ijl^Ul ^UuaJI 


3 


OjJLi ^ ^ILa. 1 w-w 4 i_Vtl dtft^ll JjLlu-cJJ 4. i*v \ jlSLu^ 4K > iii t 4 jLi_uO 11a 

.jj&\ liKk 
ijjlj5Ll]l 4jLiJua. 


.J-aJtJLi Cj-aS jiLfl idlij CxlaJ lj| . 4 jJLH J li^fl I J^l t4jJ LlJ I 


M p p __ « 

4Jj4ijJJ ^\r 11 Jys jr^ill l . 4 ,vfl Jr*.jp ^ 4 jLj t_fljhX.l ^_S^uj j <4JalxujJl 4 j»JLi ^Joj JJ 

. 4 .uifr jJJ 6 jC Lo 3 ^ * JjJ I 

rijJjiUt 4JbuuJI 14 ^ cJ^Uu ^Ul ilLJ.1 3 Jllil 3 licj 

•ft ftft 

*^9 Cxfl^ Jj^ll {J^ i4_^J Sl^laua ^ jj ^ "* j I j-oaj ^ "» SI^Lla 

Lu.a^i^ Jjj in i-L^ 0*^1 *—iliajj 6 Jja Sl^Liua u-xaJ 3 ^ 3 s £^>4 £aj-£ 1^)11 ujicl (JI^J 

*1 iAil 1 J-& ^>-al 4j^)l^ < \*ill 

ul^jVu ^Llll .Sj^cs 3 4lE-j *\ j^.L> Lg-AjJ flj SljUo b ^*>jiU.7,11 

, J-C 4j si X-Jl 4 julj^J I , ft \ \Ifliij *6 J_l^ oi^ >rk\,i /ioL 1 _a>x>Li o JJaj LlC J jUjJ «.6 Ja^» 

I ^_l L Lo^ 4 c i 1 JI ^ ^ * j 1 lr~> /?) 11 


.JajJL Cj^J Jii iOj>i IjI .J 4^J^ JjAil ^-.fllTil :J 4^Jji. J-nail Lg -flljt 

“ ftft w ftft 




^ i-N j 7 1 11 3 i-LJ 3* j-i ^)1 .(_j-i-Lfi JJLJ ^yAJCO dUoJ 3 ^)^ 4 / * 1 iLoJb <- Q-Q*ftlc 


*» p 


llcj .Ll^jI (^-^,5 •^- ,Q 4^>^’ .Sl^LJsl 6Jjfi> 3 (S'^*’3 Cii.in.1 3^3 

w «« *• ** * «* 


vvv 



* Ifl ^jLo_> <* vQ vK 


* fr 


1 *va ^1 .*» "> Ijl 9 .y>.\i'w cjld^di Ld_*l j^ v"v.m Lgdl aT* i *1 "iH d^° .\<n~ l^ 13 t^\ 

:^i IdJ Jjj^v 1 dJU .4-1 SLuLq o-LLLiJ^ < a. vS~ t ^*C 1 UJ 4 j 0 dli j^Llu <LL^fc. 

* M 

dJj J-sJlLuj ^ILcljj^c. Jjl a_* <3 45>^j*. JjlA^I ^..flVJ :3 ^..aY) 1 

•ft ^ ** M “ M . 

. J-^uiJL cda jii oj-ddl I j| .LAjI 


4jjlj^jJ1 SJx-LfljI .jljilll <aj_lLs (3 ' ^fiOJI 31 ^Ldad 4 U0\ 11 bd& JulC- 

^ JZA 3 .SjjSL ijjl^1 S^liJ! .4. niij i^uLui 3-^ ^ 0 ° * j *" a!l> ^lh 6jpi^ji 

•* M ¥t 

Jl jLdd 31 3*3 J <3 JJ^ u' -4 3 ^ S-uiA d 3 -> 

.factorial 3) «4 j I aL*J 1» 4 JIjJI 3^*^ Idcj <^ **^3^3 

3~^ liAA . ^ N — 3 ) i_ij 3 d *_)^fdj <3 J JjlJI >_i_jl 111"^ 1 

t- * e- (■ ^ .' 

JjjdiJI d^*.j 3-C- 3^^ u' 31 '^ *1 g 1" "\ .L^-ujlCLj ^Jb 1 n.1 Luj I 3-C 4jljJI 6 j-£> Idfij^C- J-flJ 

ft* 

.Ijj'bLfll 53^ . \ — N j j-xJI ujju!lo d^ 

** 

<l_LdjJLlJ Lxjj .Y JJjlJI ^ 3 j^ua - tiit-vt LxCj <JtAll 3 \\ 4 ti J-C 


.^ N j jjJI j iAa ) cA^^° — Y jjjlJI *_ 3 

O^Lfl 1 Llj J j,_fi 3 ~v *> LuJ> dJ jJ t ( N J JjlJ I v_jj 5 j^Jzxx\ j La 6 ^ 1 * Ljua i_S^jlj 

^i_ iJL ±j 3 ^ didxc. Lt- ,, i 5 CAi tN = jjjJI u 

Y — \ JjrO^a = Y J JlaJ I t_i^ A a 


3 3 ~ x ^ v °^ ^^^ ilij i*» ^ ^^^ 'j u, m n 31 Sj^jlILi 

LiL) 4dl3 4jl flUkj ^JLiJLJ ^jJI p3^dI .1^ xnflj l^uiLul Jl£, 4^^-Sb. 3 ■ L»jj_=*. LjS 

.Idj'bLfll 6 ^^ 4 1 ~V \ \ ljrLaj*jI d-* «lU*JL C tA ^ tCjjd 

c_Li^)JtJ ijLuu Lijp_ldj 3 -i-dlj l v frj ) Jr> i 7 t.ll d^- 4 d^)JLj La 3 a 3 c JJ^d Lie J 

Cjl^^d 1 l flin/sn Ijd d^ ^ 13 rd * 4 d^ 2 w 3 aA^ 1 jlddftl ^dj 1 4 jl ud^)jd . 4 J 1 mil 

7 s.S \~^a SljLJsl d-* 4 Jd^J ^1 3 Cjld^jdl .J_l 5 jljJ 1 Jjjdu ^a^j Li Idb ^jjojJ 3 . 4 _i^cJl I 

^ Lv /7J1 d*r® ^ CjUjLII ^djLj d -0 ^ jdjtJ 3^^ ^/djd Lad_i^ . JC. 1 3 fl jl_j 

.4^j«=* JaAaI ^Ld-j^ cj1 1. *s~\\ dJjJ -4 /,i v L^dw-ajp d^- 0 - 1 ’> S^i»Lui 


rvi 



4 Ifl hi 4 j£ j 4 jl * ' 4 aflj*^ 


dJD . ua dllj JjjjSLi-to 4 ^j_^Jl 4 -v n > Cxil^ Iji S^^a*. 1 Lo (3^ 

JjC. 6LiiiJI 4 jLo| 1 \fc £i3jj II d>I J-awl ^l v^h. i^.5.0 d£.1jjiJ1 


ill.t «u 


«> c ~ 

4Vs jo hI ^1 dJLjiA 4ja*jjJI 6 Jj5j <^l .0 Lcuj 

*• 

^a_uju jl 4^j^JI <J2ul^ I jl Lo (3 I ^1 j^l \~v >i Ll^j .^jj-fl-ll JlC J>jj-£l)L» 

^lil 4 a^ vll iiL^^I L>jl nd (3 (3^ ^ * 4_W5-\I1 6 Jl& JlIc .4_CLij H gJ| JI jjliL LJ 

4 * 

^li <j^oJI 4 -jL^Jj (Jj «.P^iJt (JjuAj JjiiLlxu 1 a Jjl 1 j^J)Li» <LjJlC.I^j 5 J-C LkLlxjuaj 

J* J Jr 4 -^' <J^ S^' < ^*-^ ^ L*^ ul^ ijr^y* j' 

J* fl \ LuJ .jIjSLjJI 6 ^fl ^j..o5v,T» LjlA Sdllj <J-*-fll Jjl ^ \ \*\ a t 1 Q ^ .I 4 J 

*» 

4^j>_=* ( J-lAo I .\.\~*. J 4aC„.U ml cJJjJ .J 4^ j_^». ( J-iA 3 1 ^ 5*nl 4_dc J)ll-s \ j < 1^ w^tllj 1 j-A 

( j r G 4-ajLS J 5^^ iJaA^I fl Va I ^yC. jJjjja .(JL) L£ 4 .,cv JrVu ajl> Llafc_o L>jp I 

" w ^ ' 

.jjJL 4^u 4^* J£ ^ .J£.ljiJI J I 4 J Ij 

jl n"vl ^3 I jl £_la-fiJI 4jic >—fiL o Jjucu 4juuol 4_a*^J ^ 4^j>^ J 

Jutl^fl (J 4 \ Nl^ 3" U^ ilLuIl t_JUjJO ^JLA lo3 cJJj L_ j 1 1^*1 > 4 I 6 j-c^ . I 6 Jji 

.-ttu >J 1 * ‘^^0 (3 4-tuAj «4^^^. (Jj^£ I ^ ^I» *- -i^-v ^ (^JI^ .gt.*^j t> 11 

£Ljuc>^ L 4 J 4 \<L a! 1 O l^^xJ 1 i k j£* JjlI^j (3 1 JLu Jj jJlC . I 4 J 4£i^>. J iA a I Jj J^aJj 4_mil3 

.4^111 6JuJb 

43^1 J <J^ _j jCl! ‘ 1 1 ^ ^ 4 /nOn ^ * 4 -.11 1 ^t-oLj jOI (JJLaj dLl 3J 

Jli-.^j L 43 L LlILc 4jlLoJ|JI 6 J-A 4, lAiin J . J1 j^qJl-ujL> ^ujjpJ 0*^1 LoJla. 1 6 j>^ ni ^ i^l I 

if 

5jas jys ^Si I aaJI Jl JjjgjJI JJj Jys JjU-i lli^ <minimax ( (v ^l ^JLuaj» 

.^j-cJSlI j^JI Jl ,yjdi j-sjj JjUl J-t i^jjjJI 
,J^ ^j£. ^tlLlj -^- 1^5 a 4 mo ) ^c.. jl ah 3 a SI jji (J *s\ \ 6f' Jl 

S£ls SIjLl^JJ 4-jL^j .SljLi-oJJ 4 4 i^ j 6jl ua,l,l T'l^j^ Jlj) OI Cj^LcG.^! 6^*v-<7i ^ 

-V. II ^ I I ^ /II ^Jjb 4 t-\ Q \ JJLJI a'\Cl - "N- ^ < t \ a (JjLjlIjQ ^1 <3^^® lill^^li 

^SVn 0^ 0^- 2 ^ Ij[ .SljLil ^ r> ^liJI cjI^^J l g-ol3j^JI 4^l^j <Sj1..^1 I 

4 * 14 41 

dJliA ^-1 JjLxUI (J *Q7 Ujli dJLli^ IjIj .Af^ihJI 

icjL» j\C. “*^ ^1 (J-cl 4-flj^Ia 4-»L» ■ «-* HI (J ^jojuloI i,J JLjlj jl j^fl 

W M 

Llj^^.ni (3 — ^ 3 ^ * — 4jaL^jJI 4 -uL^_jJI CjI^6Jj5s 

IjOiJ ij 4^J-^- ij^al ^ 5 Vi I ^yCjAxUJ jl^oi^ll (^Q J . 4^j>JhJI Cj^A ml u>3l 



dig ^jLco 4j^j 4j| q \4 tfl v*\ 


P 

olSL iiij 3 -^ Sjjjtil (3 ' Loaicj ,4 Jl 4 jUIc jlxol LT* <3 ^--qLa jdl 

cJJj (3 Lo- 1 ) 4Kfl i ,\>r 4^ j>Uk» JuJxflI JJux ±& 3 t4^^rx JaAj 1 ^flTnl 431^-lx.Juuutl 

** 

J-C *. SLfij) a! 1 4^ ^ iS\ 11 4^^jxJ 1 j l a a '■x I 4j l^ll I (3 ^ ' cJJ jJ < ( v^JLi 45 [j>jx. (J^-Aa ( 

•» 

■ jj.flll SIaIJI 4^111 

gi jj lr> nil I 4dLaJ^II SJsu-uuJI gtoLjjrtJI IjlA Lfrxxlj SljLJJ La (jji 

M M ^ M 

3j£jj J-C. aJJLu Jjl JaI^II 3* Ijl ^11 t/xj-d o' ^VfcCcij ^ . J—aliJl 

«t ** w 

c t ^ S ^ ** * 

LulU | ^1 J^Ufc^Q V J-^AO I -I Q -v l,Jux J J "V ^ol jjj£> Jal^JI ^ 1 ^ Uv j7i II - 1 ij~\ J SjjiLo 

j^ujJ j i-xjI u-uUJI — J 4^j^> Ju^Sbfll ^illj <3 Li G 

*m ** «* 

jjZilu J^l J^Ufc^Q IjJb^ «4 Jql^J J£ J L^J |> -fwnl I JuJ^J J)-l£> - d Lsl ill v II jJL 

.4jLulj ilLail 3 j >JUJ 4j lux'll LjJJux JuqJ (4_lxuLlu*^I 4uuxLiJ 1 .J^lojjl l atV^-v“* 

*» * hV ft ft ft p M Mi W W V M ft 

4uLi ti_il ^ C^U 1 jo~o JaL£J1 g-*tj U ,7.11 ^Lid ^ju JjS I a\ \\4 .JaaJI ^xJ IWvJ 

.J Jxrv^l flTul 4 uLxXojI (^Juo <3 Jj >-Llad .4 jLq^JI 4_lA Laj Ijjux 

t4ux^JJI J_c * -Q J^J 4 -fs -« Cj j>-^- A t Jr> 1 1 I^llI 3 tdlLlik 3j)*^ 1 '** 4ul I j I j| 

4^jux ^JLu V * A L>JLiiCI 3 * 3^ tddc (4 !^jl2x V * 4u>. JSljlxo 4ul 3J f)> ^ 

1\ < A j^a 1 13 J, «.6jLAil 4^ J^JI 4^juJI» O^LxL>-I 5j?fc it* 3 1J iv^Afl 

j3j> v3 -0 S4-ijli (JSJ 4 jx.^J J jL^J-4 ^ Jj-Lx 3 lu.V\ ft t 4j1 

^ «* 

til-Lu jLJ-o 1 * ^1 t4-ulu ^ A ^ ujJJajg 3 g-i^Jcxxu 

p^juJI (_y\JL\ 4 uin JJ idjUll 6 JjJ> ,4laj)AiAd 4 jlA.1 6JlA i^Jl 

•» 

4J^J1 j-G-i ^ IjJk^ «3* ^ *ia> JJ 4 jl^J 1 xxxlGc. ^Lafc LoJb'!^ — j^JrGJI 

j>jd JLxo 1 Q ~v t4jjaLi.xu.il ^JLi L»jLlu^ 1 lux j^-<u jj^-LGil Jjlaj .4_lA ‘-'J)^ 0 UJ Llflux 

.ituuuuJI LIa a ud 

•ft ft Mi 

3 j* GG 1 (j o i>\J^Lxu Lacj t4_>j1^llll 4a^i/^,11 3jG 3 I J^ 5 idJJ £*3 

. j^aLaJI Ca 5JI 3 ilu^Lxfl^ t^jJliiij^ll Lj jyjua LajLu£.| 

•Ift 

^~ 11 4 J , J..^ft 3 ^ ^-a-uaj (_^JJ 1 3 -^-^! .i^> a 3 ^ 4 uxlux 3 Lul i>~ n 11 3- 0 

p 

6jLiAil 4^^rxJl S^ix-uJ 4 J'J_zu 3-° ^ ..<ft in.A ^111 ^Lllu^I ^£ 1 X 0 — Q > . CjtAuxJ 3 ^ 

4 > v ts\ 11 ^ lG" ' “ 1 1 Y\\ a i tdJL» jJcJ 1 6 J-^jj .4-Lxu^x 3“° LujJ Lg 3 ^ jLaJp^ll yiil 3 ^ 

• 3 ^^ Ji J>a ^ 5 ! j ijjljilll 


rvn 



d Ifl ajj 4_jT 


4->L$_j ^ (J£ Ju>Jja3 Lu^-aj ^ Lul * * L* 11» Sj^jlu 1 \ 6.JA 3° JjaJI ^ \ t tj 

^Ijjlll)) jk.Ufl k 1 djflu jJo IjLkjJ «- Q ;, 1 »~i /\ nl t ^-LUJJkJI Jjl ^1 t^J .SIjLlLI 

tSljLJkl 4-jL^> 4^jc*. ^Jljli J£J iJ^aL^Jl jA-oj^jJI Li v^l \j [ a \\c. ^d~ '~ Sj^^uJ «4u£^JaJ! 

<t . “ ^ 

jGjUj . 1 ft ^ ft 6 J-k.~v wJ huJ 4^o_jJ h ^J Ij tJjLsOJI Jya Jijai 1 j j_flJ I it lajumj ^ij.i fiTill j L£ 

Sjiil jj£1 4jI Lj m 4 jij * ii^i jfi^l SIjLlLI U tuj (3 4_^jJ £.ur\j p nfl") 

.SjJJlLq J^SLfij ^jjJj 1J-O LlJj 4-^l^j Li-j'J (JJa 11 
jL^kj 3»jJa iS^ lj£J^ f 4 jI (Cc^utCh x\\ J^Li j ^^ujJI)) 3 dJajJt 

^ p » * 

J^qju <JjAjua 4 o1jj-^ 4-kjLLa .4jjIj£jJI CjLloJ jI1 3 &-A^-^ Cul^ Lfrjl Jj ^ 

« “ 

4<LLJJ ^ * C^O ^ ^ ^k-LS Jrk.fi fl Liiuil <JHLI J_Li-UJ ( Jl£. tUil jJ .{J^L^fll JSLjl I ^jJ^ILi 

3 jilxoj .ifiJftl gollj J-^ k_flj-uj ‘(g-ll £jJJ 0 

a > kfl~J d * U>q 1 1 2 a io d 5 <j_U o,Ijl^JLluL) )1 n ^ H j\JLua3 d4 t d -s. i~\ 

4_ftjJjfc ^ 3 <_£jL*JI mil jljlij) 11 a*s 3 3 ^ Lo£ 

** ** «* «* "” * " * ** 

. wiSj.'^Jt ( J-C. j^jiuJI ^yA C__fi^jT 4, * iA a c.1 j!l! AJjIj ^ ft A JI 

^JlLIxuI I6Jj 2» j^-ftjJt <LuijXo Jj-£3 «d_34jLtoJI)) 4^,ojjlt 4oft~u)l La 

ol^>aJt *_ v.ny, 3 Ll)J 54 1 ^ 6 ^ ^1 !^-juOJ d Lfl^-Lvl 1 Jb^l f-^1 ii--e 

4 xlo a 11, 4 -ujjJl-o 4jjL fl-a^ jj.fi > 3 ^ La 3^^ Ji SjLu^ll 

«4 

<(6 JJ-^ 4_^.J J)) ^ M fi"v I SjijU ol^lj^j ^Iji^Xail J. ^LL=4J Lljlj (J J-fi3 3^^ t(<5 JflJtll 

.iiijJo ifljj 3 4_a.jJJI 

4iUjJa i 4.1.2k. ^ j 111 1 4^5*11 6 JA ^ (_^ill t.^L^-J .^1 1 a JaJLau ^ 

« •» ^ p p 

jlj jl^ 3 tdUj ^-qj . «--L\C ^_Lfi 43 Lub[ J j ^ ft 3° A ia 1 A~*- ^Ji LfiJ^. jj^I J'jj 1 j*. * tfl 1 
a* Jck.fi a a_ljLuj1 ujj j- 1 -^ tMurry Ccunbcll (^Jjual^ c^j n >- q la-*^ ^-kk> 

** *4 

4_^.| J_lu j^il Cul^ ujJ |k ' \fl"> 4-flJjJa 3 I (J-^ 3 6j-^oj 

. 6 J flail 4 ilfi a H 3 ° 


t 


rvv 




A 1(3 in Aj^LjlJ A_lj aJT AjIi^ 


CiLjudLj JJ ((Sj-fl-ai 4 Utp) 

< 4 * 1 ^ o o 4JjJH«o ^^^.1 3j-1^ ^1 .^jl^JlJI ^Lu&l lrtlr>l 11 (Jl_> La 3 

^ufcllo^ ^4 <o vfl II 6 j^xIa j»jjULo) CjIj^LoIjL* ^xjJ fl*> j 

. < J u j Lo 3 J tJurvfl*vlL> <4 a^ a Sjj^jO 


jb^ 1 


4 


jjLi) ((^Ul)) A A V Q illjJI .4 _JLj S^-Lx^. Jjub-fll ^ 5V>I illj 

4-lljJI (jl-fi i^Ul <Lo xfl > CuLa^l Ijl .(L$-Ll ^xJ) ((jUi.1)) jl (SJLuil <J-2h_> ll a& 
I .ilLaill (J^x-> cxoLi ^iJl Sjlllll c*lj^K^k,ll J«ul4 im Lu^_»I aj.5.1 

M M ' 

:Jl» Lo (J* fl j 4 _l1Lj Sj) 1^> ~x 

:4jJIj 5j)L\l JjAil ^..S'ul 

%% 

61& JaC. ^xxLuxo jljij Cvlfl. > (j! g-oLijJJ a > Lo • 

jl^5 j^o ^LLJlllI 4lu^L>jlJI 6 j-& JjoIaj 3 .iLilll 

.11* c/^Lflbll 

(. 

—1 4_j_=fc.^1 IJl& j\ Q i:x .^SJI l*x ^xj JjS 4-Jl ml 1 <JluH lj| Lo J 4 ^J^| 
3^»f <4 <uO\ 4^x? x_oL>^j ^jA j5 «x5 4 -JLj (Jjulfll qY>1 

J* 4Jlo^!l . o ^jSlI LxjjJ 

'bLlo) j^Ulj 6/xl^ll 4^j-aJI 111 gt.A,mj t(^llo) SljLxo ^Lxuj 3 (^) 

.(dill isLol 

.4-uljUI JlX. Sjrvl^ll Sj^lrx-xJl Jyb jxj <4_xtlL>j 4_xulj_fl ^Lxuj <3 ( Y ) 

p * 

c_a-ujLu <(^5 \<i»^o U^o jl ^_!>l jyui j£.Luj 'ilo) <^1$ gt-oU^J jLxtu 3 (V) 

M M M ^ 

■ 4>fl wnj^J-l 4^oJtlll jl 4_Jilll A aK II u-fll J-aI S^-La^Jl 


&1& 3 «^^1a 4_ojlA goaL»jJI tjj) \Lo (J*X i7i.> jJLaiil ^xj j5 3 ^ l«i| 

ojI ^jjJI c>lj^Jn.^vIl J-uiLul Lul>l a_JLj 6j)l^l JjlIsI ^ qVJ 3 L® <4_1UJ1 

■CM' Ji 


vva 


















4 la ut > jLaj 4 j^I!L> 4 ^ j 4_ll *.\jun 4 ifl 

V ^ * «• •• *• 


4Jxo^!l .(jSjl jjjLLo l JaJI Ijl La J<4jl mil AS Ijl • 

: L^ 

ft* 

^11q) 4>ajA jib 111 uwnl t(go^JaLxu *^L!Lo) aIjIxo jUu) <3 (N) 

.(^&»Sll v»ojLaJI cLLq 4aL©J LJ j-liLo ^^luJ 

.ixubjiJl Aj^lsoJl A jib <4 axoIaj 4. i.a^> j-fl ,Jja. J^Ix-uj yj (T) 

er^ 5*1^ <3 (^) 

M M M ^ ^ 

.ixJllll 4 Vfl \ in all 4 A* ill a I 4jJllJI 4 aK 11 (_fil Jjbl Axk-JI 6 j-A 

M M M W S/ «% V/ 

.^LfiL^J 4 x> vfl gt-oLjjJI ^JiL <jjjtxo 4aIa JAIa > 4 U 5 \ 11 &jjb Ja£. JxJI IjJ 

£-ujjaJI 4 InS\ 11 A jib JxC 1 In. j jjLxo 4-Jl mil ^aaa lj| • 

4aL» *-uj^aJI Jl^aJI <—UT!k.> ^ jl (—try i ^J Lo <(_£^lj£ill 

^ M M 

?s.\j wll 4xaiI1 Ajl v*vC.I (3 ^xxojuolJI *. ^ a t IJA j .4jL»j-L> 

I^A 4-llo^lj Ifl viAq\ ^jl lixlc. ^xll i wvvl l CxS^J 

ft* ft* 

J* 

«La JiLLa» 1 V,Q 3^a 4^j^JI 6 JA (Jaaxa <(^L!Lq gtA^ln-/u) Sljlxo J 3 I wn ^ ( N ) 
Ij-JuLi-a ^IjJLII l jib ILxaI .jajlj jd. JJ (( 1 ^^.LLo» ^1 

dU\iiivii cj'^L^.IjJJ ^1 jSLtu <dJj .^ujlij^JI ^ i aI jIji 

<jl jjAj gt-ollj^JI Ijl .A,.Vta. golx! ^_iaa (jJxA iiLuisJ Jxo) 
4 AjjJo ^jj > 4x1 Li 6 j)Jr>A. JiAal I J^Lfl <4->lfl^vll 4 _lA Loj LxuLx 

j^iL gtjaljjOl IjJ .(^fU3j 4 a ifl > ^l) jli ^5 LljjUa (jl jl^SJ 4^->l u\<\ 
4_S_j^Jo x Jfl,> 4 x11a 6j)Jr%rx. (JxA.q 1 ^fijjl ^jLfl < Jjjlj Jax ^1 ^^Lxq LxxaLx. Jjl 

Cul^ Ijl La >U,L 2 wa 5j) Iri ~v 11 6 j-A jjdjuxu <4 xjuoL)j 4xubj^ (3^ X4jU <3 (X) 

IjJ .IaLa^j ^jJaJLJ ^jl Jjax^J.1 ^jjuxJ ^LajaJI j olj)-k-^JI 4Lul<» 

«* 

4x1 Ij J iAal ^ S*i il ^ jib j tjLxll ^j£. JloJLII \ icil j^ ^a^l 

4 n \fl \ ^l) 4xubj-flJI jjxj 6j)k^ll Aj-A ^jl ^Ij-flJ 4^jLuta 4iL^Ia 

4xxfl (JlC (Jj) II [\\K A \ ^ .^uxxlj ((^XAjJ)) _/ulxj cJLxA jU vl .^^jl fl SwJ 

ft* 

.CjIj ^LjJI 4 ft iiU a jA .JjlaJLj 4Jlxuil Lxxfl jJa L^ IjJ ^IJ jv^j 


vv^ 





















d <n > ' I a i d**\ *sl> d >< \ 4 JI ^ d ifl X 


(j ajATa i( L > a%<u jja u-iljjo j\ ^\jyu jC.\Ji 'Oxa) g-oU^ 3^" S? (^) 

<5,Uxni 3 4 .aK *1!Lo) qI jfrKrx.ll J <ul ml 3 ^ Ijl Lo ,U.lrvi 5jfrK-Tfc.il 6 lib 

p p p P P 

SjfrKl. II <-_il Jjbl <L^La*j ^.CLj 3' ^-=*.^11 3 * (JjjlJ ^4.j \xl 3 ^l^JI j\ 

^ flTtl jx jJLij ijLuil £jC. JlViH * * 13 xX <dil j£ J-O^l H[ .ijJljJI 

^-flljibl J) J SjfrK.lJI fcjib 3 1 jl^SJ >l-ui-o 4 jL>^)K 5J13 63 -Lx^ (Jju^flI 

.(jliL^I 4 a \ Q % <(^l) 4jJllJI 5 jfrK^II 

4-jjJ (jxuJ g^ollj^JI 3 *^) C S>\ SjfrKl. J^urvfll I jxjiL jxJ Ijl • 

4^£. JJxlJI v-a^xj jLuil IdA <jL dl*K jJj j' j'>» 

^jlj^jJI ^-uj^jJI I Jib 3-° LlijJ 33^“* ^ 1* JkX <(4 KStll 6 Jib die 

4.*i < va 1 I 4_JljJt QljfrK'**. II 4 ^ojL5 3 ^ jJ$i <SJLaJI 6 Jib 3J .^axujII 
:Jui LK 4-11 .till I 3 ^ j-^jJI (jl-JuJI ^liL IIAjj . d K 5 \ 11 6 jib jlx 

4 KaII oil^=JI JjJ^j dJj 3 a uVij t('bl!La goj-lado) Sljlxo jLxxo 3 (N) 

JxljjU jvulxa v ftjlxrxj jxu/vn I jibj . 4-a.jli 4-libljJI 4-ILxJJ «Liu La.» I 

.SijLil 

4-ajI£ dilj 3 A % ‘4 wAljj d i i Aj a I 3 Lb^ Jl Jjua^jJl jlxuj 3 (V) 

^jj) 1 ^ \r±>jLS* Jx 4libj\JI 3. v /JI ^j-ll oLxjubjiJI jl 4l£JJ Ql.ifl > JjJJ 

«• M 

.(J^JI 3 * 4 Irx5\11 6 Jib jlx l^ ft x iK> > 

3* *lj.^l 4-ajLSb £-jl 1J dilj 3-<uubjj <^ll j-Ljuj 3 * g^olj^j 3 L 1 -UJ 3 (v) 

6 jib jlx L^oldaJLutl 3 <a> ^jJI 4 ,iS^ii.*jijll olfcj)Jr%flll/ 3 ^J^I/CjI.aK.II 

«• 

.4 U>5 ill 




:4\<a1I 4 JI 1 II Ql^laiJI 6 Jib Jla JKJ 
iLU SjIaiJI 6 jib Qjl^ Ijl JJ ^jJI ^ 1^1 V^ijil *L£uL (\) 

3 <3 j? . 4 ^. 4 _tJuol^-fl^ll <LILaJI ^jju I jib dSljLiA 3 j .j^iujJJ 

m 

3 j - 3 LbjJI JJ ^^Ljla 4j>^ tJ>) SJ)k^ll 6 jib 4iLial > I jib «^uaLj 
4 xj)lnSll/ 30 JJI / 4 aKII 3 * II IdA iiluol I jib * 3 i guolj^j 

.4 iS i 40 all 

« M V 


























d ... ^jLaj *1 ill ^ ' d iQ >< 


.^-oljrLfl'JI v-Afi^il I1 a ijS \^ Qj jjl 4_Jll 6j>KiSfc- ^EVil {ja t—vlKI ^ y) 

.4 mfl\ <„illffkj Ji\ g_*L> jaJI jIj^jJI ^IiL> tgjJaJlj <LiA j 

Jjjlj *gL^l 4 a \fl ^jJL> 4J13 5(Joixal ^.qYi! _I JjLJ! pljjJI 3 ^ Ijl 

4aiS^ IjuH> 1 ,(J5ll 4^i Lo j^>j) 4_iJll Sj-Lxi. ^aV>1 pIj! 3 a 

m 

d\< r,l\ 4-JllJl S^JftAJI *lHl J «gL>J>» 


( Jx. j^lxJI jLl^l 3 LajjII ^1 d\<C /v 11 ijJLUl oIjlv^lI JS cul^ Ijl ^ 
IdJiiA <gL^J 4 .a tfl > 4jJll JjuClaI ^-EV»I pljj ^ja ftj^xll Lg-ic. gVv> !sjU4. 

.^jlfiLll 4 (Ji\ 4-lA Lo 4-Jlj J^fll ^.5Y>1 cljj ^ja J^jo 


. jiL> 4 jLa (>L^j 




idll SJoAfll ^.gLul IjL^I 

jt 4_Jll Sj-Lsl^. JjA^I ^-aV)! _I ( Juus^ll pljjJI 3 ^ Ijl 

«• •* 

^ *- '**• d »ll~~ 11 LlAjI 


^ui 5JLUI as^Ji ^ iJiiai 6iA j sjui s^kiJi .sijUo j(\) 

U ^LaJI ,'l.lf 

.^IajJI ^a cj lj)JoA.ll 4-LoliJl iJLilli 33 ^-* jL»-aj 3 ^y) 

.^IaJI (JuulJI ^A Cjlj)Jr>y II 4_Jllla CxS^^ ‘(j llj^Lu* 3 ^ g--oll^ ^1 \m <3 (Y^ 

«ft «* «% ^ 

gl*i,^k*i iJjlfiLkl ^A 4 -JLj 6j)J^l» JjiAfll ^ Hi I _I jLua^l c-tjlll 3 ^ Ijl 

^ « *• 

mil 4-^^1 SjjjJI Jl jjjl c. 


^ tXk.1^111 (J &XlQA Ciljf \j& 

Jui Lo Jjddkl ^jlj^lJI ^3 j 1 j) i 11 glljwj i JjLuJI ]r\ turn 11 ^ Lsi L1 

lill^JI j 

iJlj JdAil (^-aljl J jljiJI (^jljilll ^jjl^UI ^-lli-o • 

g^olijJt Jju2U Lojlc. XU jxl 11 a j .^jljSl 2_UJ^J Wiki ^JLJ Lowilc. 

(3 jl tgljJa-tiJI 3 <JJ^I 4lLol ^llo) g-iial^ j[Lal JJ 

jjo*JI .gj^l^ j^LclII jl (4_ii_JilLujuo jl s2>Lu-oL»^>Jl 


XA\ 















4 1^ <n ^jLa_j <G , ^L!L> 4 \K\ 4jT 4 vQ v*\ 


4_C-» j-A JI j*u2lJ Jl JJLJ jXJ jji ^ LoJjX i> jlT> jjSI 

uL^J^ a 11 J l^k II Jj JjlA jLluALuj^II (3 Jj*. ^jC. jlAJJI (J*" ^ ‘^\j 

JjWI JiX ^l) olj)\ mil CjIjLlLo guoUj^JI J-OJLJ jJa ^11^ L ijjj^ 33 ^-* 

•“ 4A*“^ Jys-j jjy> J*>- 

j-uuLJJ v_41W^~\11 jiUI ^jjlj).^.ll j^SlI ^uLluSM ^Lkil • 

*» ** P 

(3 ^ 0 '** ^11 IjX t t Itwm II jj-i-o Sl^jLlX 3 .ilLuxiU 

SJ^-uJl 6J^-» iJLuxoJL) U^JjJLjJI 33^-* ^ v_Xfll 

.4j,lx 3 


1 




•• t 5 

4 ^ iVi . j-JluJI (Jl^ I JX jJ-U Lo . 1 JjTfc. SjuS-JL-O CjlxjJ* jyjix ill y^Nl 11 

*4^j-a. 4 jLo 3^ ^>i£l 3 Lxl° yxiiGJI 333^*-*-* gujjlrxnill ^jx'J Jju^-fll tCilj 

.J^oJLJ L^_lA y\. < v.,fl.\H ^!L> ixj-Cu 4^^a. .jl> »_uj (_£jJ CxIjLiLo ^ i > ij^ULo 

<64AJtil 4x3^11 4 -lu^»xI Jjuixfll i t_ j Lj_cu^ 3^ o' ^ ^ V 3 CxJ^- <dJj 

.£jLux d U i. 1 1 j \ 

3 ‘4-ujj.Xo IJlLaj ^ L^_j| . j\*\ Q*\ 11 3 2SJIS 4-ujjJ^o LjI <^ni...<L Jiulo 
** ** •• 

Cj Lo j I J ~v 1 1 ^ A*v. 3 - AjU ^JlS l$J . 6^51 fl. 1 j 6 JJb Jj^.1 - X J^ ' J J) 3 - 4 Q tQx II 

. 4_JLL1I 4 Mi/m II ol^.l-inU 3 l 5 \ 11 3 ' 0 * s_3^_tu^ /d t >i/\ • II .i./n ,11 j 4_>jl^^JlJI 


4 MLTkX II oi^jixJl 

M % • 

4_3L_ijvu dJSlL iijlLo ^xLJrtJur>*jl oLv.>i Cx^. Xuol L^JluoIxoj Cxi i\ m mil ijljj j 

M ** 

m* 

^U3 o^v3 .4 j^/nauJI oldj)^» H 4 \^jLaj ^ja 4j^5Lo ill tPcrcGptron ^^ flII 

ifi^kll cOjJ^II jJlX v_djJLaJI (JjuQ JtiXlJI 3 1 * «^>l^Lo S^> 5 v. J. I Cj^I Sll 6JX 

jjjlt iflLubj jx pL^ j cj^SII (Jji-aJj 4 jJI ^Ijaj Lq J^ 3' '*^3 .^N^JI cj!3-^13 

.cl'^Lxu^ll 3 x 1 j-ij. 11 ^ cjL >3 \u~\ % II 3 ^ 




VAX 

























^jLoj 4liSL!L» d v< 3 4_ll ^j.ua 4. iSk. 


^jJI t «p^JI 4 jcjj^u o3d Si I » A *\ 3 *\ 3 ^ ^/vjL> 0 <: mu * > Li£ pL^ 

f p ^ ^ p ^ p p 

(jl ijjl \\ a\ />! II 4_xj j--o iWI L^ I \ 3-° oLu-oj3 4Xjja^-o O-ul 

^_uj^J| 3 ) (((Jju^3-o» ^xujJI ^1 3 ^ Ijj La d 1 ^ in II dJL lllLI Jjao 

3^9 * jy^ « 1 Ln^UU .( Jq j)l^ x> A * \ \ I $ iA.3i 1 S_L-o3-o pIj^^II 3 . 3^3 3 -u^lil 

\(^JI 4_*_) j-vu O^SlI Jjja. JUx^l J£ Ckfl-fl^J £_il^ 

oL£L^o pLuij^I Ijj o' \ \ >*)LcLi.ll 3^9 ol xi\.x.A.tall ^fc. 1^1 3 

* 

Ji \*3 iiu < 4_Uuua_sJ1 qK 1 null , \.Vxi^> 4-ilc 3 !^ (^31It4_i^\iuJl ol3j> II 3\j) 1 

■* A. 

: > *\ A A J £^31^11 ^ -^bj 

0 ->t 5 ^ d 1 iljK /1 ■ \I ^k,lc. ^a j->j_3h. ^ 1»1 3 1 - 3 -^~>1 31 ftlr. 313 a 3^ 4 _iI "v \ 

^jJl 4-Li^IaJI 3^°JJ 4 _ujIjJ Cj^ 1 (3-33Jj ^^q*31aj tdjJtjala ^3I 
4_}|jjJI j3d 4-La_Uj-C *d \Cl \\Ut ,s^\ I C u lSkjj -pIjl^I d 9 \ 1 Ia II 1 * £_Juu3J 

3 'k*>) jyLaj J-ax (]/d^!l ijoaJjJI 3 -° cd^L^ .ol^j j)v^*\II jAAinL 

O^^l OjA-3 I .4 i^lLa, 4 uuoLj ol3j)\ tS\C. ^4 \ y n~>* II ot5Lk.mll Ift lie. 

3-° jLdj 4oxLiia-ua^!l 

55 » 4 
35LJuj Ijliuj 1 nfl ^.LaJ> 3^ 1 aLuju lI 

3*\ 111 1 L Xja Lkfl i 1^3 1 j .d a h^ 11 4_fl^jtl| o3 JIaa 3^° d >U-\i| ^ I'bLLa lP 1^3 a 

OAa. La. A LaO£. oLkjaJmJI 4jlo 3 1 43 *!^LjiJI Cjj\Jlj^ .lo. 

L J I J 1 ‘ j!k^1*1 1 4^LqjO 3 d 3i / .. A J\£. d A A. lA 4jJ Lo I 1^0 4j jJ 

6^Jtil odLol .^UJI 3 4 JK 3 t DARPA 

O'iLj^-CU JLcOkA-Lu! 3 ^ t ^ Q vt Jq\ SL^j\ dljjij d_k£l \\l^ . * 1 oj \ 

»4 \ * w AH ciASlI Cy* ^■>■^>1j 

3 I l^i A JjLk^Jt-O dJ^Uil^J I JajJI 13a i _>l£l 3^1 d 1^1 ^ a Qaj 

* w * 

jLkJudJt j oja-»L> ^<; n»3o d v^l o^^IIj 

Snow White ouI^a ^f3J 4JLuijl ^ ^3JI 

pLaw 4jua^ ildljrLik.1 jsJjLil 43^ 1 j^.3.^.1! 1 -v’^Lm 3^-^ ^-1 •kj-* - ® 

P P 

3 J 4 1 \ t/-Mull olS. \ mil 31 Ol \\ t 4_j 1 ^X-O — a^ fl 11 4 jcj j*ui 0^1 Sil — < 1 L3^ 

** 

& P 

1 K nj ^11 ^£b lAilC^j IJ->1 

4oLi ^4 a sS^'l 3^9 d \n LlUs _l^sS 1 OL=k.SU 4 xujljJ 3 I * II .3Jj J^X 


VAT 




4,l<2 <<i jLoj 4^NL*Lt 4 j£ 3 4jl jcj-u 3 d iQ K 
W * •* C- *> •* 


iljLc cvl*^^ i,^,i *1 0 1 m J 4 ^_LclII J£ cj^La* <Jl3JI jS * 11 J'U*. 

./it <J iS\Q 1 6 j\ 11 ^ l A i\ I 

aJI <11 CjJ 4->1-JJ ^^-t-g-LO 4^ojjfl Lft_J .iCuLo JJ A-l CjLjiJ}3 <11 

++ 1 

.^ 333 . <jl£ <*^ 6 ^ H ^L *Ji 6 jUu.L 


>_ij) 15 11 J-^LJI 4•>,AXil*a * \ .CjJ’V-jLj ^>j)o 1 in JjLJI ^jLuJ) c_j3l^ 3 ^ 

3 <IU^J jjJ> 4 JVC 3 4jJj^ jjsI 4 \ lAj a 11 <">i \ V A .A tl JLuj33^ 1 £_loI j ^ fl C-^_UJ 4j^ojJ! 

. 1^3131^0 Ci a3 ^^aJI Cj 13j) 1 >^k* 11 6JuaJ^Jl 4 0 tK 11 Cj IjJjEl! IjjJa. 4-uuo^-flJI j> fl h">j . \ ^ 

«* 

ja33 iCi 1A. 6J JJtlil CjLi jp jjuJl.1 CjI J 4 AJuA«JI CjK. k-utll I \ * IAj <_juL=fc <ljU 

. Jlulj j_a* Lg-jcLfl^ ^1 Ja a ^* '■* * * l Q'<» — 4jJlaJI 4jj> j Mill 3| 4 > 1 ,s\t' dK. \ <n ^ j^. 4jJjl3 

4-j J Lij)l I ^ J LcuJ ij d i^aJI qKjlAII Iaaaa. 131 <3Jj ^1 i q i iA i 
<U^LJI ^j-o Cj ij^ljL»^ ^.uu o 4jual33-ujl (j; jJl cjJLaJI ^_a33_jj; . jA^I JHj (j^l **- Laj jJ 

.6Jld».I q 4 S > U CjI J 4 \ \ *s\C. 4,1j mi ,11 4-AjjuLco'JI 

w % w • % p ** 

W M t * S' 

-41 ii^Lj«_il 4^ j m J1 (Jl ?>. c\ (3 4 a^.1,1 0 *^ 1,11 *j) ft) 43 LxALlujq LAjI Cj.j^jIj a^v ^jjj^Ljcj^ 

** *« * 

JjLsjLa (3 j>^:J 1 I»1 a 3 i5 < SL=h CiLoa Lluaj 4 v\.^.lI 43 Ll^- 6 j\juj ^OtUA 1 J_) 'da t Q -V J' jj 

^. Cj LjjlJuojaAJ 1 3 
** ** ^ 

^ d t v % J1 4^j.tJl |\-v a 1^3 3 4a^ijl.w^J 1 Lil laA 11 ^j5> Lo .6^>^13-a 

.CjLj^ str\ a 11 ^A-i Lq Cj^Jju^^jJI ^.ilrija ;4^ i in 11 l 5~^ d 0 ^ 1 I tl <Aa II j^.| 

6 J fl a 11 Cj lj>a-J-a3Jl JdJhII >-Ij31 1^.VC.ai 3J JulIa CjL>^3jha > 1 ^ a vl4\3 a3_> ^3J1 4^ j <nlIj 
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.Ja-a3 irf^.ll e-LijyAjJl <4^ j «nJI 1 (j a 1^>\3 ^1 ^3l' 3^° t_ 5 "^ JoLaj^ll 3^ 
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.4J^I ^ ifl 11 <3 J u\4)l ^ ia j«tm |xUaJ> ^J^JLluI ^ ^ 

'Uj)} *^ c J^l JpLl^l 4_iHc • 

: 03^ 6* £>=^ 6^? *g>^JI ^ 

^1 II ^{4fl \]^>ll ol^ J^o ^ N ^ 

^ 43^L^.Lo vix^w tj^xu^xl (T) 

c M iLxkJI 

jl <^4fl il^ll (3 CjIj> j) \idTkX II .~' 1 -v ^ ( ^Lo j* 4Jlj (Y) 

.Sj^aHI cj!q\KII 3 ^^^1 illj ^£^ 

6 jib uJjii J'bLa- O^Lua^JI J^-l 4 \\ \ i7»l I ^jiJI 4 \ fl \*S j • 

S y\_i^ 4 \xf\ ^JJL&^O p V A ,s\\W 3 ^ a jl I Jj5> .4m iS\ X 1 1 4*\. Utnll 

3^>J^JI 3^ 3L1aj .L$J^. cjI, infill! j 4 m II 4^ \ u\ 11 3- 0 

:dJl> ^LSIJ fcUJ 

Cutj JLvflA > 4 \\ \ jl SjL)j ^JlS j V t-A*i 4 _>j_^Jj <JSL! ^ ^ 

Lo J^l 4^.j J_> 4 \ U/^kA II 4*\ UU11 gj_a. ^C^Llj « fc * ^ * (^xU J^uU y\ AjlT>) 

clj^.1 4J^Lrv^o jJb dLlj JjLfl 3^^ *A^I »4^k i/^ll i,L^\ £-a 3 ^^ 

tlllfl*! in \ a 5^ . Nl uAfl" ^o^SlI yGljJI 4J U^jI ^ ^y\ Q *v Hj 6jL>3-H 

I jl Lo 4 -Jl^q oIj l^>j jL^J2^l 3^° cJLIa djjj lH5^ viLI j 

.<X.t\.i./liA C>jl ^jS\ 5\II j! 6jljjJI plj-a-J ■ 

j\u" 4j^aJl Jjla 4 \*\ w7i11 ^^LJI 3^ ink'll 4 _mLu^_^| ^^>.1 3^° vlllxb ^ Y ) 

j\\*\ \ LIjrLfil J&\ d tj-w7ll 6 Jj5> 3 4 \ \ is\x II 4*\ \ iu 11 cl jl ^ v.i^i > 

j 

.4^ 4^>ll i,U)J! ^.j'^LlIl 


r^Y 






































4lfl jju 4_»£ j AjT 


<_) jUd (3 CjLiUw^l ojlSk Ijl ?% ^ \\ in 4 a ijbn* II 4^ \ in 11 uUjil /J 

(JUJI j v—UjJjJI CjLjLu ^IjjjJLujlj ^_A_UJL_» I j-A^ d ^ t«s. ./*s 1 K ««« *1 ,_ i V*vll 
j ^lrv\ll ^ujliLo .JjlaLLo pI irv.4.1 Jjjuo t-g-xfi £xS^-* J-3 ^lll ^-fl.jj.-y 11 

.v_u jJjJI (3 4 r>,.\^laili CjL>LlJ1 4 \a\ aJb 4 v II 4*\ km 11 .jLc. ojLflJl \ v.vaVH 
S^l-UH ^JjLOJ ,<U/>^0 goLlj ( jx. S 4 IQ*S J1 4^.L^JI 6jlcj 

J-olc l fl, XUJ J J oJjt3 ^ 4 1 \.JLT\X II 4^ Hull 1 (j kACU ^IlJI ^ojjl 4 ).tf\ <LoLo3 j-uLuJI 

oliillil 

; j<MAn olfoLiVjl jAa i - Lo C)LiNL*i3.*jl ^o ^jl o-> 

* 

j .ULLu 6^j ^3 U£ ilisw^J^jLkJI • v * - w " 1 4.AhA .a cJLiib • 

jl ^>1 j^.AlC. (J^xlU Lol CjL>J) \faTvxll Lo ^j\-Q > 

^ hVi.n L 

• 6j^ j Jiu Lo£ liJj'JI d >*C ■ ~. 11 Q11 \ > '-»-* I d Q I" *v a il)Ll& • 

ijjQ ^3l3 ^jl SjjjvjJlj gLl^j ^1 |4 q l^yII ^ ol3j) \is\x II o^L^j-o • 

p t * ^ 

C^L^jil ^3l3 ^jl ^jSLo i (diJj J^o ^ J_»j .(j. 1 )4 Q * U H .~,1 \jv .^r ol^j^-o 

«• 

-d o vU ^| jl -jjl 4.S. Jr> (_^l 4 fl Jr> d pljj) II J1 

.15 >Luj ^ j Lo^ <L5 jl^lll -\>• v*v3l dah^A ^jjo villjjb • 

d^11 Cj^l4 .j.11 ^LLiLuj 6^)^^jll do >jUH JiJ • 

/j j \ 9 II 3lk\ % 4 iljtll aj 0^ ^jj »<jj ) x II ^ jib 4 Tv x \ 

«* " 

I jib 1 .jjCLu^ 4-a.^iA. (dUj lj£. Lo .N 4_a.j^. 

jrjx. Jljj dllA .nonlinearity dvkj»^UL> ((p^ ^ jl JUI» 3'iJaj^l 

«• 

J53\3 ill j (g\ ^1 jjjJLuj! ^3 j i^lc. J^Iu1 ^ aI ,,.l d>U^ 

.(p^I) ^ j! (JSJI L>-o) I d v-y >J.\" 1 ^ \*S I 4-JLJ j-'JJ N JJ ^iLua (JJO 

•% 

t p p ** p 

.^ j j.a.i^> j\£. Ijlj£.l CjL^.^^% oil jy\-o> iLubul 

oj ^lllj t<_jL>jJjJI J^Lk. 4 v*\ w7ill ^^Lll K 4 Q h^il JiLoj • 

.^.^,o ^ i-ojun^ jljj 4 ^_lxu Lo j jLudl^L 1 ^ v -v . A 


r<\r 




































4. lfl tn £jLa_> 4 o'}Lj_» 4 v< \ ill ^ \ 4 vQ X 


UJji) 4jj^3 i ((4JLo I J>3-0 )) 4 * * 4£.no JjLuJI * o ^ * • 

JSL. jfl 4fl il^ll ^jx> pljjLil <4iuJa ,J^ 4-ixo^^ Lfl-* jl33 

Jiulu Jajlj (Jj) vj^c. J£ ^n,,^ iftrJl ^jl^ll a Lilli I 3^5 .^j4-fluIaJI 

(J*\ <n > (JaJlS jj I Cjllj^ijuTk* li jVAJ I vl>ljj) loTkJll I <> J51u^ 

j^iuat ^^.fl,> (4 jjoI^j1I 4jjL 5II «(jft3iiiA JSLuo ^l) ^j-ol^Lo 

i^jA 43 La.^*! a CjI_/uL3 ( 5 !) 431 a\l l^\lj 43 ^L.^wLo ^.uixu ljl^a 

idlj ^j-o jl) 43v3c. i^A^il 4j*j.A.JdO OjjLaJj IxvK (N Jl ji-ua 


1 


» I M 

f\9>^ 


oLu»jjlj^ 

fji clLlj <L5 3l jJI ^ ilVi3ll Ij1aLa3 jJs I v^L^ v v 11 pLoJc. ZjLl 131 

pLoic Lll^j .L3 _ojcLq <3 ^ju-J ^1 jJI a Jtl 1311 

«t 1 

<3 f4^ u' Jl3f ^ 

t>Q ul-® <j^ lt^< 3 U^lll ^IjJ-u^o j5L<iij 

10 mflj Jijlu pLLI JlC. 4_iflLla 4 vlfrjJl ^Jiuo (SJ* 

«* 

^0 (_>1 ^oj! (3 SLlaJI ji^3 SjjJi (Sj-* Cy*3 <<uLJI 4 \An 4 _i1aj oLfl-ij^.3 

cj \^vuc J-u^j cjl^-cL (3 ^ I 1 a\ 11 Cy^3 i4-ic.Lfl3.LI oLuj^JI 

^J 14-ixo Luj I 6j^-fl-i ^(3 a 3 <oLl I 3 j3 i Cj IyoLli I ^ Si I Cj l^fuuC^ 

6 j>^j 111 J1 5jIj Ll4^ 6^ 

llilfl 1^0 -■ >1^3\Nlj vjjljJI |v vU\3ll ^^-flj /jl J^LUL l\ ilc. 

ejjxu ii,L$3J1 J .LcLaC J&^\ a LhA.11 {jL. ^ * i \ Lsll J\ \x\ 11 Lljl LjI 

' M 

.dlj ^C-j Lo IVs Lljl Lj 3j J)i^lxo I (3 i fl.iu3*C\ 

cv 

Stuart Kauffman jUij^ -■j l j-‘"“" 

























4 lfl m £jUj \ d '*C \ ill ^_Luo 4 >a \ < \ 


^uflluj SI^La-LLj 4jlJlJ l^-Zk. I ^.XVjU^I. V \ L j (2) I j^-l-cu 

M ' M 

3^1^ Cj 1 vo 3^9 .^jl^jJI cl 3 \ W 3^.1 3 -0 «CjLajI^» SL£L3.L> Sj^j^^-o CjLx^-qjj 

.I 4 J ^UJl DNA 43 3 ). (_£»3I 3 iJLuo 5JLJL IVv-o-o '^L^. 3-^°^ 

M *• 

^Illl 31 j ^Jb jLllI 3 ^ H 3 J g-LS_dL» L$J £uo_luj ^jJI CjLuKJIj 

«4_fl!Lxll 1» 3^kJl 4xfl Ic-j-^- (_£jj3~i31 ^jjl^jJI yViX VJ »*LH -ini 1 3^ 3 3 JU '" L ^ (J-o-XJ 

oLx-ojjl^iJI^ .^UolIJI jjcuu^xa L$_> LixIj 3 I SjLc. 3 ^ -° J Lltx.> jj3 Jj)^ H 3 S! 

Lo 3^9 .4_>JLeu1 li^jLoi £_o libJo.^3* ^IL» 1 /\.v\c. ^^l_2k. 3^-“ u 4_i4_>^j) l^Ti11 

I 

«.4-x^ jJI» <LjjLuij^II Ll^jLoj 3 ^ j \~k. ^l\ L^_c^j 3-0 34JL>^3 a 3 _» 


4j^LlI 1 Loll I j 

ft « M 

^^Li-lu Lo ^Jbj <J£.1^3J1 s’jj’ t> ^ L<j 4_^.j _l oljUU 43^ Jx. 

* 

4_iiilj^Jl 33J 0 . ui ^xj^Lj . 3 ^-uj i ^LiU oLojlxil l~\x iJ-\)j .cjLjLxJI 3- 0 Cx» ol^LtLo a\h> 

.DVD ^xxSj Jlxs 3 ^ 333lc 3^ 3 J j^^ 3vCo > .j^lj JrvS q 3p1^5 £ 3 ^ j c>^j^ 
•• 

. 4 I 1 I 0 IJ cu 3 s 5“ j -^ j ^h V ♦ ♦ ♦ j)A-\._\ 1 \ 3b (_£.Ul < «41 \ » 3j> ^ >3^ ^ * * 3Ax> 3 3 ^ 

M •* 

Jl y\-uAJ Syv-^Lxo Cjlj-ijij £-^ 0 ) 33Lo^uj^ojj^ 3 ft CjLoj) 1 x o 4!L» jLilLo N Y _1 v A v\ 

cjL oj) 1 %n 3 x: iS ^~^~* t3^-o o*nI w^> 3 °*-^ ^ ^ -L^-5-fl ijLLLi Y 3 I 

M ftft 

S aj^o J jjL> 

qU 3 ^ 3 [3} iX) ^ u^s 5 - 3 ^^' 3 1 ^^ 31 ^jloI^JI 3 ^ 

(^-I^JUD Ijjb .4 V ^Ujljj 3x. J.i^-k *> 3lj 12>I Jju£- 4 V t 4 ^» \ ni 3 v J)~ IW^ A > 4 _j 1 

CjljLio Jl j\Ju\ ^ L>lj .j^I^jJl ^j3Jlxuj 3 I ^-^3 t3Jj Jxa 1 JoAs! 4 - 3 _»j_la 31 \ib 3 ^ 

cj jj)-^iTiJl 3-0 j-^-xul 31 j\uua l Ljl ^31 jij)i 1 3-0 ol3lx3l 

•• •» •« 

ll>J cjL>ijutiaII 3 ^ Lo o3uu^^Jl 3 ^ 9 ^ <LajLi^. 3 3*^^^ . 63 ^ 4-0 4 JJ^ 

.j>.^.V> ^JLxil 4 1 <n\IL> 4 -q. 1 ^ L^J 3 j>^-> ^31 3£j .g-LS.il! 3^^ 3 -0 3 4*\o.^.Vo 

«» 

4i-cub 1 o 1 ^jb 1 jjbj <Lu auj 4lL)Li O^L^jJI 6 JJb ^ \,w\\ 1 4Jj^flKll j_ 2 k!jl 3j 

4 vjjU^ll 4 Ajax II Lo jjSjlj «3Jj >_.SjJLs^o 4\i.> 3| jLxju 3I JUi^lj j3l^il 

^_o g-^uuJl (j-oHj 3 * fl > 3^ Li 1^0 1 .1 \ 4_xo J-olAAJi*i (.^*4-11^ ^ fl iS "k II ^JLxJl 3 ^ 

4 lxfl i Lo 1 jib .3 v «^> 3 ^ 33^1 J-> Jjx-ll ^j,Lv" ^.jjl^x aJ^JLujlj :4 1 *\ w7»ll 4 1 ,Ljunx ll 1 vV\ i <7> 
.Jjcj 3 c 0*^11 ^-i^ CjL^-jI y\*iVo 3 ^^-oJeJ 1 ^tll g-Lxi ju-o I^j-ubJL 






























4 jut ^ jLoj 4 ~>*sL\ > 4 \ ill £ ijlT> 


jAJLujLi (J5v Hi > CjIjJ- flJI (jl 4J1 <nfl (Jj^. tiLVv-A) s 4v*s jJlj Lo <3 J^Sllj 

.Sj)l^-v s_jlxju 2>1 Jj»_flJL cUG .4-j 1\a s viljJLtu-o .Sir^HII 4 _>jUoj^JI gjLojJI 

V* 

mm * % * * 

.iJLcull 6J.A 4_l^a. ^ ^^ a i (j ^Icjl <»>11 (Jj^. ^LJl <_\Lc.I 

I4JO\ 1L) jfC\ mfl Ij>5Lj Jiulu dllLui 4 \fl lr>\l I <LoLxJI la^la^kJI ^JjAaJLi t111 Lj 

p * 

(3 jl tSljlxa (^ i^llo) j-^aLlxJI 6■ “ 1 ^^ ^ lib jl C\£. L> 


^-to^jJ I I 4^jlaJ I Ij j^Ll 4 \ 1 11 a 1 Lj . I ^ a \Vi./V\l j\ u~\ 11 v\.a5> ^ jJ^ cL»jJ 

Li^^J^j^la JuA^ v Jj .4 \ \ t/~\C. vi7) 4 1^ / . 1 1j^ v L^^cv 1 iQ.“v > ^5 .d\*C a! 1 ^J^laJJ 1^51*111 


J (iliJj ^J Ijlj . ^ jjl j) ^lialml * dlj JJ^» (4_uuuaJiJl »»1~^ * "»1 

~ „ * 

. JjuJL 4 \ 31 iQ 4 J Luua dhjJ 

^ % « M 



r<n 


f 

































4 lfl III >jLaj d v\.\ 4 JI U 3 4 iQ \\ 

V % M ^ •• •• 


.(N-L) pLfiLsJI Jx 6jjLSLlI _/X <J^JI CjLjjI^ yd • 

(j! CxUalxul L yd (N-L) pIxujIj pi • 

( _ y ip 

3 4-ajII j-tiuC 4.1 i1a CjI^_A . L 4_^UI y* £cxuj ^\xn ^ \ ^ 


^IxLlxulj) <L&\jji\ SjXxuJl yd elj^.1 £Ary, \ 4_jlaLiAI J-a. CjLajI^ pLuoL) pi ^ Y) 

yd ( Cj La ynyQ ^^>SL]I y& aLujla! xaa dUj v—A^Lk. jl <« ^ojlLxJ I)) y l5Lxl 1 

' ^ «* 

J\ .L 4_'S mLI oliSKJI 
.Cj^SjLJI (V)j (N) c& ^ (x) 


* 


LiilA I 


lj) j)-U"yll 4»Lusl y> fJ jl Ijl Lo 

' M 

Jx^JI «3 Jx'JI t AiLurnJl) — (iJv'Tfc.H 6 JX 3 Jx'j! v AiuAvII) — CjLIx 

(^jLuJI 

.6jL^jl pi j! J^aJtJI j.‘x ‘C£- XU ^jJI 4 jIc < y *i«*v"H Ijl 

J^UJ JxaJI <> XluauJI tfj JaJI JSIS . 

^Jx. iulj^JI 4 jjJlou jjaxJI JaJI JnTu j*J5 . JjAi^l J^aJI 

.ilLxuJI 

' ‘ t-v~ Jl ^jjU~II ^j^l^iJI l\ A p g ua g ^l~— > *<JjLJI t- >... ill U .UA.~II J 

:i;LJI j Lo 

^ 11 o Iy*wa I j LJ I • 

N 


L . . 


1 *** ■"•*■ *" d >tf 
*• « 


V<\V 




















4_L^_uj ^jLclj 4_i5^ j 4 _lT 4 ifl i*s 


SjiulJI ^ya <J^JI cjLui^ *■ & S^fl mil (3 4-1 !Loj La • 

.LVjjli 

^jJI at t aLc (J^-duj .J^l (J.LaJI 3 N J^JI oLLLI ..iklaAI 4JL»^Ja • 
Jj5^ Cul£ IjI «Le <3 «5 J^La» c/J!jLa~o <J \ K5 a gl*L^3 

p _ * 

<_J J+JBL* {j\ U A *s\ 11 ^jA ( j s 5^- > *^5 <<_J^ikll jl.uJll ^j£. LaLaJ bsXXJLJ 6 Jib 

£ - 

plj <jl llJlc. {kUlib^lL i^AJ ‘J^ ^ 

v_flj-uuj .(Jj)\Q a Jja. Jl ic^ylLo 1 1 x^k*> 4JL»^>Jaj SjJjI Ja. oLtK jl^LsI 
(Jju^qI J-C jjp X 11 Jj^a 4 U" 11 4 \\ts* 11 £±A J_C aJj JcLuU 

«.Ji 

. Jj)l.?fc-H v ft i\ wVi 4 ifl i5t • 

.4a 5UI J^JI CilaK . 


1 


ouaiai 

;ja.An oUai^^ll j La ( 3 £> oLiai^^l y\^JI J^y ^jl 

Lya (L 4aja.LJI J^JI oltK Culls JJC Jl 4_a.La. ailA ^ • 

Lya j\Jl!a JJjlj ^aou ^1 ( j£-aj 4asIjJI (jclyLlI jl) SjX-LLilj .Jaja. 

.iasui oiaiiJi 

** « 

3 4-gJ*ilVll 6,U„\A-11 JaJI oUSli (Jya Culls JJ£ J j 4 -a.La. 3Lub ^ • 

c 3c 4 1S"wiia jjlilll jx.1^5 oj^ .(«N-L» (_^l) Jaa. 

JjaJi Cjiuiaj ^xaaj aiiLj 4 pLljl laai j^u^y .oLlldi jjc 

.lib j\c. {ja ^y£l ^ylilu 4-A^aA J&1\ 

6 j l TiC. 1 u .£jjuj Jjfi jj^Wlll 4.1 ya <—* ^1 jl <—\ I jj. La • 

.4a!j^ JIa^II ^y^l Ly° (gj (J^JI Cy* 

«* 

,,'yi rtA'JI l* 1 1% II JjXt JJU La (il J ic. A .1 »~fj 




* fr 


r^A 















pj-u jJ <AA .ua j-o) cjj-ijj :Aaron 

* p 

A>^ J*C" t /ft d/\C 4 wO^XU^Q nil 


ft t «.n ^.<11 J '-,< ,.N l .J=j Jl ^_iu :Alexander’s solution 

ixo d a iill -w. JjLio^j 4xjaJlxuxo 4 15x to o t ^xoxj 

* P 

, l . A 1 1 ft yvuLlA^ 


J^J dial * i-^ * pi aaJjla % iojLxjJ.1 xjaJI-SK ,> iLuixu :Algorithm f jj'5^* 
.L^Jlj J\ jj^xxoSLU jj^I jl J* j}} A< * .<K_ixo 


5 jxa ■ al I V * * ' '"j * 1 _V • * ^jX 4J ^‘ 1 « ^ (Jauixxo • AlU J <<*l *‘0 

*% 

_ Alul «JL> J "fc 3 11 & J 1^> 01 ^3-J 4a^| ^xxu^ll ij-A | J) 1 Kj ) ^^yjLkxIl pj > ' 

< Jqju > 3 .ijcLisll J jfriU J^LLq^ <J:Analog 

I \\i a 3 ^ >a 1 ^ \ 1 -ft * \j 1 fl <»« Lo j’tC ♦ 4 -iii;Lxls ^JLxJI 3 

analog ii-ajLiJIj i-JuoijJl iyjj^^JI <j-A ^ gll p AaJLuU j W ' - x > > 

^ hfc 

.computation 


j /-jK -,,1 ^ .i^xjUJ JjL 3 JjI :Analytical Engine a jU l V Jt aJS(I 

P 

d ft 111 ^3 U 5J5JJ lalj 2" J-jIj 3I jLi Jk!xxC- J-U>ljjl (JJ-SJI C1>1 J ’xsXJ j\ 

iiJLx-o liij 0 * ( 41 * J£ <toJ£ *—LIt i>j£^ RAM 4_>t3^3 Sc-lji 

£L>plj 3 J}}^ Ifljl f-CjJ - 4 _xjLLj 4 -uaLk 

•i^' H sa?l? ol-® 





oLS-Jui j 5jil^jlil o^L^aUI Jl SjLil :Angel Capital JLa-ajlj 

** %* 

^yj \yj j.. \ t ^a 3-^3 .4jjX*JI £jjL£iil J 333 ..11 ^jlll a I'\rNI Jj ij. A~.~ ,il 1 

.Sxvlll oC^I 4 5xxJI oK^i j 5JUJI Sy.s-.ll Jill 


Sl£L^> JjUd ^lll oUJ>!l JU^>: Artificial intelligence AI ^ItKuVsIt ill 

•• ♦* 

<oLq jI X II Jx. 4 -ojLsi A tVi pl^jJI ^3 Cj^La-11 ^y \xAVtj .ill Jj ^^uxxll pl^dJI 

' ** " ^ « 

Cj Lk. \ ^ <4 1A 1 11 4 31 111 ^ i JiOuQjJI ^JlC OJ^JLJlIIjj iSjOAk p. 1 a 

» t . c 

ci 1 J 1 ^**33^ I 


1*1* J£ ‘Sl^LJ.1 yt iaJl: 4^ :Artificial life ^Ulauuo^l SLpJI 

4 iajj t (’315. l. ^v lI ^jc 4~*fc">Lj «4_uJ^ 5y 0 mi») ^Lljl Sjlxl ax.lj&^ d^l .<* 4 r l *^ Jx 
.j^JLuJI SjJl»1« ^LjJ SlSUll Jfc iadlill 4aaJI oUil^JI xlxjj, .SlSLJ.1 Jx iaiU 

p p 

.jJl^ill ^jlj Jfiuft-i ^1 ^1 jrUtuJ <jl 11^ iS\A 11 ^J\ a i j 

f ^ll yjUjjjSlI dljjll _>kl :ASR -j -a" -• 

*_i jjGj g-aLyj Automatic speech recognition ASR ^La^jj^l Jljj^l 
4-1 lx. JaLul ^lyji-xujl Jx 5y j5I I ASR l~i» j ji i 1 <^1x J*\ ux ^IlII ^l^JI Jx 

. j* s K 11 CjIjIxj J-q ^ 33 "'' 11 '' 

.Brain-generated music jll jx sJjill L r 5xujj ll jiiil :BGM .£ .o 


<jjU1 4 jIjj ^ 4jj-tLi :Big bang theory jfXJI ijjiaj 

.CjIj'wiiII Qjlyl 1 1 a ijla 33 *^ ^ 4_i lx 33 ' 14—IJ 4 a I xlj 6 UyJLa 4 t-. a \ ^ ^ 1 1 

c 

4j^s ijl^iil j axij O^ 1 4 jj-I= 1 :Big crunch jxXH (JLa-uii^l 

.jajJaxJI ~*k. fl ^yjU^Lc. ^£b (3 ._\ . V-a v 1.1 4 j»xIlAJ1 


SUa. ^ iJjxjua jrjiUx JL^o rBioengineering So-u^JI itujlgJI 

^IjaJLuil {*-!->J) -4 JlIlIl^J 1 S^PLxoiJ ^iLlI ^/AjJLjJLj H jj I i^) l 

.^1 £±c.j ^\jji\ J SUJI 


6jlil ol-k lUi^oj .SU^JI JK >ul ixul^j :Biology pUa^/I ^l£r 

.j^siaJLi jlJ ^^11 pLlji ifliSoj 


£ * * 



■^.1 "v \ U 11 


(Oj »| ,^c^l <Y*Y^ j :Bionic organ 

• i.jjUl 4 /ii. v\ ^ tl i l 1 1C j i ^ "■*- 11 

^^SJI ^ ^LUI j.5*JI j :Biowarfare Agency BWA oj-aJI illij 

d ] | d ... il d \ \ 5 a oLuii i tu d . /^"C 4jl^j d.jj t J^j^njllaJ 1^ ^jLJI 

** ^ 

. 4a, J .<1)^ I Jx 4 JLa W11 

^LLg-ls dJtlA 4 -ulllJI sy n 1 11 3 jj .binary digit yy jLu^IL^.1 ^ -g> cBit Cxj 

. Cj La 1 x 11 (3 4 _j_ujLuj v ^1 6 < Q Loj^ La.l t 3^ .Jl^.Ijj^ j) fl .11 l o.& £jlx < 3 ^ ^ 


i^L^uj-o £yi£s :Brain-generated music BGM £-aJ l jx SjJyLoJI ^5 U . 03 XJI 


^jq ^JjLfl ay* ^ 5 *. injjCVt" ^yjI .NeuroSonics Inc cl*■ ^ L^jaM^ 

Mi 

^ \ i7> n e-Li. jriuj^ll d tl -s." in I ^CLs (j> ^ t -v 11 olj g_t I 4_a*^a ^1 lij 3 I jduj 

.g_U 3 LiJI cjL^^q A^y 


3 ‘^j)^ CjIa 4_iJLk_i 1 ii^i^ yiu ^u>Ljj :BRUTUS 1 ^ 

^/uLuaj^j jjg * o 3 g-oly^ ^s' iA ^ <(^^ 1 ,[/v-fl i—* 3 j)^ j ^ ^ ^-0.1 ,\ <u 4xy^.1 


Cj y J 3-o A AC (>> jj<~; ^jiil 5iljA jx :Buckyball <_jibJI 

((^^L»— cjl-Ly^JI g^jjl <C5 oiUiJlj ^-uljjjuJI 1 ^ 1*\ Hi i_t \ unj . 3 ^ 3 ^-^ 

jrLxU JjQ^L .j JJ J^JLi HI L^jLmjl O Lcl. Jl 6jUul 


4 Ki^o ^ JljJI p^i Jx Jll« :Busy Beaver »i^ ll 

^yujjuflji 5 JIj 3^ iiL iy y>. ^ 4 ji XU-Q )) . cji^j-oLy 1 3 y ^ 

ye. ^ s i^j _ 1 jyLLil aq\ o 1 1 ._.! /it-v 1 ilL L^-jLtujv 3 ^oj ^1 JyLaJll 

^ 3 -q j.L y=ujCu jx. \ 3 ho 6 LHjo ^ jjx (—n*\7 ^ ^yJI gj-j^y cj'JS! «3 cj^L^ » 

Jy- .y.1 ^yu..\^ fl Ii N 3^ jiAc ycI i^j7i*s 1 1 4x^ oi 1 6 ji-& 3 ill yx u3^-a 

.(^=*jrLLI — ^ 1 x \ 4 xoLjlJI 4 a> Ml 3 ^ a " (JyLtall ^yu jjxJl) .3 —1 


.Biowarfare Agency y^jl :BWA o^aJI illij 





Leo Iqjk 3 ^3.i cjLj 4_ijLu 4x..by eight <(4_i3La3JL))_1 ^Lcjl iByte CjjLa 

fi 

qjo iJ)^ i ^JLo <o«iLJ1 ^_loL aj jJa (3 CiLojLiII 3 -^ 3 3 j 30 ^ ^ 

.4j \ 11 -v W1 d iK \Sl I 


.Compact disc read-only memory :CD-ROM ksi& SpIjiUI 

£ ^jJL .La ^Lk3 (3 4 j Ji c%*t 11 JjLDI j-x. dj) I mil jl ^ ^ ^ iChsos ^ul^uxdl 

Jf Ci111 <lLL 5 J 1 ja *ji> 1 c^^j?*L.lI j\JZu 3x3d 31 

.U iAoju S^UI iLaft olj 


5 j 5 «M {Jr*\W j d ^LJ tj g-jUlJI :Chaos theory &j 

.^^nSkl I L$-j JjlHU iUUI j-\X. ^u^Lil Sj£, 3-^ t_LlL aj ^3JI 

p 

.oIjj>». <j* UJlii ^1 jl^ll ^ :Chemistry gLunvIl 


- LLij) &u£. j i a o v Lxa J-claj d_ij L_^ a r j a ^ q :Chip 4 

lo£ ^ySLiLJl) 4 _Lu^-o 4_lJu SjLo dJ5l5^> ^J-C J 


^jU. jrylll 3 ..a I-l jyc. ikliLa <£jjsj oULS :Closed system Jlia ^Llii 

ft* 

aUqjJI (3 4ul 4jjljjaJI K^oLujjJ ^jljJI 3j3UJI CjL-ub^i .^Jtji.1 3 iu lu |JLc. 

.Luj^U^II jljjl jliil 

ijlij JaLJu ^£3 iLd ^ ^ id ^3 :Cochlear implant 4xljj 

d \l^wljJI d*-^l LI JjLoja <Cjj) i^all CjL&^jq 

p p 

431 ^ mo - -v j u-fiJI 3"° 4 jlj_us :Coilossus ^^Luj^J^S 

ft* «* 

^-uu ^-a ^iiLuj^J^^ <■—fl t^sl Jjl^Jua (J^-<-aj^g . I 4-ilLell i_ \ ^Loju2 

4jj^ «,ueJI CjI6 J>fl » 11 4_C»li^l Cjl^fl nJI I^jJI | J_c L^_jlLud^j ^3 4_^jLlua cJ^i I 

. 4 _i 3 ljJI 4 _iiL»JI i _ i^ll (3 4ilU3ll <3 (^Lwj 

p 

*j^JI t~Ji I j-cJi combinatorial explosion (^isl^iJI jl ( _ s jua^UI j ly o'i ^I 

^joj £_o La ic^aA-o 3 -° i \Ji li 3 -° SjdJeLo Cj 1 * i^-s 3 jLeLk^ 4 ,\ < vxJ.I jj-LJI JJjel 


Lfrfll fl&\ <nl uaj (Jjl jdi JJ£. (3 J- 4 jp4u.ll tLo 3 «4x.j II 6J-A> 

.Lo 4 .K. fix a 3 ^- 3 ^* ‘— 1v 1 ^LDI 



cj I 


^ 1. \ ml t id al tm ^_c pLjj *- QQl^-o ^_C Sj^lll :Commen sense (v;UtH j^aJ) 

Cj 3~3 s i11 \v CjJJjJI 3^9 .4-XaLJuJI 3 ^XoLiill 

*^j d \*C 1 I ?*r ij i-» /Ti 11 3 J» ^iJ 1 jL ^ v L>" ' 11 * bXfl )) I^y^-UJLL-Q Lc 11 1 1 t 4 - |V * 1 HI It 

«. j Wl 1 t^jL. jl *~\ ^ 1 4 . iQ- 15 \ ^Jjaj 

:CD-R0M Compact disc read-only memory Joii 5*ljiLll S^Sli <joj3 

S«-l^flJI» .oLojLlII 3 ° ojL» * q ^ 3~^'' 3 c- * ^J)_J 6 c-I^>5 

3-c. 1 ^ 1 \^kan*\ ^1 L^jLiJI ^Ih-i 3 ^ (L^jpI^S 3 ^ a i cjL o^till 3 I 4a\p 

oU>J ^ t \A. \ /nl :Complicated-minded school jfialil Jj-oJI 4-ojjxo 

•CfJjl**' <3 ^*,4=^' jbi^' Sji-a-o 

g-oL^j Jlx>) fjjbi* ^Ia A - I ^uL Lo i ^ JJ S <^J L/.1.1A <JlLoC :Computation axui^aJI 

.JSLSJ.I J-c. SjjiUI ,4 j 4 U.~ j LI ^ULijJIj (j~ j 

clfl.oljl Lixl oULoJI ^ J: »,>o<H :Computer 




•La f 


3 I , a.^-.~' cjI jr.1^2 4 x.ja^o :Coputer language iil 

3 \j) iiaK. II 3 4jJ-o£. 

j-c SjjLflJI ^ LuaJJ J >IjJt :Computing medium i^aj^ 

4_j^\jjuJI 4aa aII 1 3LkJl 4. 1^1 jAiAn * 3*^1 3 3 V 

.J^Liudl J^. jliijlj ixuljj Jl ijjLLo :Connectionism idajIjiJI 

La j cjLLiLG j'bL] Ls 3 ^Lul^q 3 ^ o^ l 3 Lli 3 

JlC 3^-*-* 4 »,.«tli 4 ^JIjlXI CjIjlzw^ 4ua 1 is ~\Ii 

‘ul$^ ‘ur^ -ipla Jj-umJI 6 ^oHI :Consciousness 

M 

4 afll 1 4 K jjLili^ .^jjJUluJI 3-^ SjjiJI ,4 >ajI J 4_j 3J|3 (3^^ 4-jjJ 3^ 3^ ‘3^ 

M 

^j) ^ ^3 i»H a*j.i QI j>a Jl cul^ \j\ Lo 3> 11 ^ ^jLJI 3 

* ^ ^ 





^ ^ Continuous speech recognition CSR^oj-auoJI ^t£JI Jjxais 

.d * * U.H 4 Jl 11I m ij J)_uaj 

cCLJI dSL^ ^ ^ ^Uaj Crystalline computing 


^ #.. * a^hologram ^ * > *«^ ~ j^-uxo 1 \ (3 

«% 

cjj JU 6 jj 4^111 jLxj^ I ^3 ajji» dJLj^ia . * lU--j t *\\ I... & 

J\ L^?t ijuti>^J\ J±A UJ J U j IIu j JSU CU Ji -^5 



.pljj)l t^S Cjl^pJ) \\A*\ II 


Continuous speech recognition :CSR j own oi l 
j jiixo 1 _ r ii «j u~ ^ :Cybernetic artist jjtis 

p* ^ £■ 

Jujljp-Q JSLju J-Lxuj I J^LiflJI ^Juu£U Q .A <n^i.l <4-U^ll ^JjjJlClII ^1 31 mj I 

.Y • * ^ pI JlajI ££jLc ^ol 

oLuluia* ai V'«.n 5 j 3Ij SjLi olj oljU^i :Cybernetic chauffeur <jjl^ui JjjLui 

' ** M 

(j-4 1 \fl < II (3 SjUxiil 4jj|j CjIjLuJI Cjaj ^ j l-» 11 ^ A * * * a 

Jji\ Ji*i\ J^IX ‘CjCcl.a 4 \ nn*>jJI 4-»j^ujJi jLc oULiaJ»jJI £r_Juuaj-uj^ <^_j^jul*JI 

^jLaJI (j-° 

.j 5 L\ua jjcii jj\2 j 1 jaax& gc-cb^ Cybernetic poet Li 

Cybernetics 2u cd\\ ] ^U. dUil^jJuJl pi* 

4-ijJaj JLC ixjl^\_ujI ^ic ^J ((.Si!j OLjI JLoj^Ij ^xfLdJI |xic» i 
4-^lCLuJ^j Li ^jjLujI (JSLluJ d vdj-y f ^Ci _/UQJ^ l^jlfLu j A-0 d ^ jJ I 4 AA J1 olljldl I 

,5 Ji $11 4a^jUJI c> i*^ljJI 4e^Ih 

^Uobj ^j)' ^ ^ v 1 ^ a ^xIj oldLuJl 4 /\ U> \ /\ 4cja-s ^!Database oLjLijJI S j-cL^ 

(ujJaIIIj ^4^!jIL DBMS oULuJI jlcI^s SjIjI^ ^Llkj ajiijj «^x. La. .jh-aj l Cj Lo^Ljlo 

' «* 

^ f 

.oULuJI 5 ._^c.L i £^q i q" ' Is 

oUj alic j c LU-^ ll xia. ,^~'j , M .^.'< 1 jA*e. debugging oa^jualll 

( AjQ SAjI^j-o 4xoj& 1 ulj La ^ dLLxa.^11^ v uIj^-^.aJI A % .Aa ^ >iA> > flJH J) s3 11 



it 4 -&jLfl 


P ^ 

(J^l Hj (^jLaJI Jl^Ja ^jLuuj^!l \ 3 vIjI^j j) k 11 ^^-oj 

p ^ w ^ 

. N dljLo ^3j) \ v11 C^Uj^ (J JtJ ^>>T h ’ t Q Q inl^l 4 tfl ,yfl,~*. 4lxC bllg ((4 jjLxu» 


f\)A (^Hlj JBM ^1 ^ J\ 43^ibl , j'.XI I gtaU:Deep Blue ujj 

. ^ ^ ^ V (3 *^ ^ ^ "»'1 (3 ^ * n-ijji a< ij^jU. 


4 S^a. ^ '\\ (j :Destroy-all-copies movement ^- UJ ^* 

■ alii l-l$J 4jJat.u~v*jl in 'll ^Lo-U^j 4 -> o ■ al a ^ujli Jjj o mil 

sjL^-j .n^l j^.1 {y> 5jlac :Destructive scan ^^5)11 ^ataJI 


3^3 ^^~_r~ Li 3 S j ^0' 4_ij^jr\^JI Lo^JI IjH «■■' J i,<o5J tl 9^13[ ajj ' ^ 'j| 

1 

cjl-iLu (J-lLqjJ ciiLljJ I (j^o "> 1 ^ a a I j^’v / i»l .4 at lr>5*t<ft o lj^l ^>3 iDigital 

.^LUI 4_HJL> .4^-ojj^JI (3 


iiliSJI £JL ^:Digital video disc (DVD) 

4 a am £_a i (£< ^lLETJ I CD-ROM J^JLfl Sp-l^jiLH J * (l> 4a I jJ)_J ^ A^JLwju 

ic«i^ jjjiiJI cS-dj C?j (>*>* yk 4^?- ^ ^ Ji 6i>^ 

V* *• 

. J*l£ ^jI a % i /ii ^Uq > JiL&ls^l <JLc 6^)juSJI 


j .^JLL JUa3l :Direct neural pathway jLatc 

Jju^j 14_^.1 fn*^j JLu^jl 4 .jjlQj tS^J jL-o 4. y \iy\c. CjI^Lujjo cJUlA jpju tV * 

.(web ._4^xi) 4 j 1L*JI 4 \mjv II 4^. ixiu 6^0 j Lx-o ^iuJ I 


^ jiiAA .jjJrOJI cj! j Li^^ l j-a 4 K< a- :Diversity 

. J_jljp-U 4 _aLUv\ ^IHI . 4-J JJ) 1^*1 4_lLoaJ 

SL^JI p-LljJI oLliJ i^^-Lu^n )5t^ jAa^II :DNA 

olv\fl t ^JLc 4^:J1 SLl^JI Jibuti ^^53 k_fl^a> ^jbJI J^LlI (3 4 t^../^ • II 

.6Jj bX=w 

H « 


4 m l \tsjj 4 \ /xijj -^- 



,2>1 4-cljLa 


(>a :DNA computing <ul <jl <^JI <Umja 

a^ ^r.A.jjU .Sjj.t.Q 4juublj^ J^Lula 4_)l ^jl (_£jJI ^IwL^JLluI * 

.C^fljJl ^jx l Oj J ^JuuijaJI CjI \ IaC <^jA oL\^-»Jj^p <4 j| JjI 

.Digital video disc :DVD c5 -a5j 

■** 

Jl :Einstein’s theory of relativity tjj UAVft l 4 jw»tl l ijjJaj 

1 C5^ I /j I <jjLLa1 ^ 4 uuaLkJI 4 ^A/n\ Jl ijjJcij .^LLulI^ 

*» i 

£-a ^{Uhlsi 4uj-tttllJ 4 aUJI 4->jJjklJI JaLxIGjj .1 /itlJya CjLoj,I» II J-SAj LIj^jcu 
<3 41 YC 11 (_£jjLujj iSUaJI) E = me 2 <.* u/"lI I .<j£il 4 jjjjlla> J_c. jL^JI cj I ^gLj 


.i*jjill iSLUl ^jyu Lo I ( £■^ iv ~* 11 4_c. ^*uj A-j^-o 

M ^ 

.^-.^1 4£jJ1 J-t ojUl jJiil :EMI 


(J _u«_LI Jia'wiiU ilLuj_>J1 /vgflj ^ ,±u^j cjU^LlII a ,a'i :Encryption j ja i rn 

J-c. Jlia (Pretty Good Privacy PGP) i^jLJI AL> 


jr\ 0 . \ 


(I 4 J JjOjJl (J^Laj ^ 4^>*>) J lh"i I ^yu LiAjA I l^olLljJI j :Entropy Lujjliyi 

t ^J-2^1 CjlSLiXU ■ S J*u& CjL^J-O JjA A Ll^J J 4-^.LjuL! iSLL^JIj ._^sl ^ \ ;n -v 11 

^ «l ** 

.9 

.La a 1 Us\ J 4 ajI ^JliX II (j;SA ^_Lu2ij J 4^vK L^_jLfl 


^^ 41 . 1 ) 4ahA>n oULS Le-I^ j* ^uiUli IAac. :Evolution jjiajJI 

jl ^aJaa-tiu Lr*.Li*j 4 \~v II oLuliJI JqtL a 4JLu J ia-a (L^Ls^-l 

^iiAJ i(JLi^^!l £> Jj£> ^yA JjJJtJI .4 jL^! JLi^l 41 aA J-=»» 1^0 ^ Q AJ 

4-i^JI CjLoKJI ,ia| d iaj tJLir^'bjl .L^jliu ^_a LJLflb 4 a .11 CjIAjKJI 

JjB La. iQ c-Laj ^l_a <^La CjLa^IxII 4^aj'!!i^0^ 

J^iu 4-»jiij Jl l uo> tl jjJrv’ll I j\J2±jj) .6, iLu 4 K nil Jj^. t_fll mi"^ Lj I J, la-A « jj^JI 

J^ui J Jj-^I 4 J jx, aI c-w Jiju ^jLi 


js^laUI SoaIaII J£LA!I :Evolutionary algorithm j^laj 

.L^-a-lcuu^j J 4a^-a CjLxJ'J 4-uju^a. ^jIaj ^ jAJLojlj ^jJIj 



oLJ-k^J.1 4_ajl_fl 


:Experiments in Musical Intelligence (EMI) jil ^ oj4 

M ** 

. ^Sjm^11 OJ^il Lkjiiil .4 tfl t 4_LxuilA3 jljLcI JSLuU ^Jj) m A*s JuoLj^j 

^c_ i\U,^ i ci^j ,-. ij-,5- jx. j*ai*j t gtoL.:Expert system ^UajJI 

*» 

*O Lq 4j9j-*-L CjULaj 6-iC.LS ^Ij^JLujL Lo 4 1< / n n <4 fl 

«, ** P 

4^xLLa Lfl l* AiiJ CjIjLuJJ Sj^LLll 6Jufi> JIq J ^ ^-A./.i,u ^.LIAj 1 ; A il 

♦ ^y-C. iXlaJLQ^ I JU^Q Jj-Q 

*» 


P > 

iuli dor I jijiii jbjj ,-,j^ a, uuj :Exponenial growth tr iu'ill ^-aill 

jyc- 


$ - 


j iw^ll Jio) llu.1 j-^i^ 4*3: ^1 :Exponential trend *j 

.(^l^uJIj^l 

jx, ia.jlLo 5_, . 1 dj-,Q- , Y. <\ j :Femtoengineering iWift 

oUS! 4_La^aJ^ 6^JaxuJ1 n 'q 11 d j.. '*>a , '\Uv, .(jrLo Jj jj ' 1 \j~ ■ _ iJI ^ya ) ^/Lo^Lq-lS 

£-0 V * ^ ^ ^3 J}~ ' Q ■ 1 d t'iA CjLs../ io l*. j 1 m ~S> ^J_^.1_i 


dxloa. ,Y • Y*\ j Florence Manifesto Brigade Luujjls jLu iiji 

6 - ^ 

‘^)~y mil (3-° ^5Lu,ujl£[ 6jJjual ((Ltujj^JLfl ^jLu)) jLt JjLaJI Cj^^I 

.4 0 A Af. ^C- (JjLcu^ iJ'liLk. ^j-Q 4jlj-J1 (3 V\~l 11 C.I ■ Ac 1 


^jLJI (3 :Fog swarm projection cjj^u 

4* ** 

CjU>Jj jJ d^ioi J'iLL ^j-Q I Cjjjj 11^ g-Lx-aidJ ^ U) 4 ttfl.1 < 

Y * (3 wil^ll ^.Lal jj)(3 kll j .^C> i 11 aj^J) 

.Utility fogj <Foglet .^Uub ^^ ^j_*j 6-ul^ 

*-d i^JI j 34-. c>d oj£~ :Foglet 

» ^ ’ ** *» 

Ciii^i ?CdQ-aiJ tl 5^. 4 jL^Jj (3 Jt jrUcaJ Lclj j ^xlC 

1 0 ^ fl ^ 6Jjfc Cj UJ !j Jj^LAll ^>L jAa. 1.1 1 ^ xAjLJ JjIj 

ls^ ‘- ^ d)f3^ a^-V ^ L^jIjaS 

.(Jjo^^AIj 4jccI^. (3 Cj^jA jp^jlc. t(Jl_4) (Jjuj^jlau .^ jl^-si CjUj 



a i lr> t/*i 11 4jojI_B 


k-±£&xjuj\ ^j^Jb'SLiil (j-oj u ^ j ° oL?^® tilj)l m :Free will 

(jjiiJI .Cj^SlI jJx. 1 0 fl \ \ Irw |UJ LoJaC <juaLsb. <6^*JI Sjlj^ll 4-iAiLiio 4 Q rfjr^LflJl 

clilj Jl Uv> <, fi ^jlu O^jSlI CjljI^ IjI Lo 4 11 1 A lAa II ^ya Jj^SllLuj I 

t» 

SjI^I ^ j)<~ in t, Ji v<: 4-LxujojJt 4..A.ArfU.lflJ I LjUAflJI 1 j .^j ^1 Sjljl^ 

j\c, jl — 4_> J)-ill 11 iLLLll o 1 rtt/.ixll d a u j C-ul^ Jjl 4j' 

4 lAaluj cJJ j (J^j 4j Jpu3JJ j\C. C1>1 aa tuaJI ^cLftj ^jl G _/wxC-I IjI .J^xxllJ 4jjLfiJI 

.^yjlIj^ii-aJI cd^LujJl j <,_S jL& p^uj JllA * J 4_*k^ S^rJ I 

*1j^i ^General Problem Solver (GPS) 3-oLxll 4K <n^ll Jj* 

^ I J UlL) U GPS Cj jJ j <^jLlu . ^)JJ JJ 

CjLlH uaJJ (£j \jUI jXojJI ^ d oLflJ^jrG* jcl^S ^ i \la^ iJlt^,-> 

-l qa^ II ((,.Va \ 1 \ » ^jxjLlSJ |pl^j-2h.| GPS . 4 V\ a 11 

SjUixol ^ jLn ill ^Lg j-j ^ :Genetic algorithm (/***■ f 

* ^ 

|xj ^jjJilll «jlji^t)) ^j-o 4x.j^nrwri uJLlA £ -4-a-LAiaJI ^ jjj-Lxx!i CjLjJI ^ya 

. Sl^l ^ 11 ^jC- 4^3Lj 4j_«jLflljj 4^Lu ^ 4 tI jClC. L^J Jt>JL2k_»j U^l^l 


^I.lV^uG ^uiS 2 ^oG:G enetic programming 4 j li ^ 


^ (j-oWI ^^ill j 4n,^»ll L'^LkJI ^ ji.^ll jJL. :God spot ojJI 

4jual^. ^ < >LacI pLaIc i Q -r^rX I v Q ijj .4 11 > J11 oLlo jLe±\ la iu\ \ 4_jl j Jjj ^t_ll 

iuAclc (5^>° 

.4l^Uil 

:Godel’s incompleteness theorem JLsji^l ,jx. il&^xa 

ia.jj aLlaj (j 4jL Jjiu ‘ ^J «n*'H OLuuaI j^JI aJLc l 

*• ' ** 

'i ■">1 i a 4o-o > 'j J ^ ^ ^JSLtuj ^ > .d xAAxlaJl ^aLi^ll ^vJ jj5LjJ 6 J31 ! i \& d_^sl$ 

t 0 .A^ ' ^ UjL«i 



oLdk. II 


Sait Jl S^Lil .lilac l(jl^ 'i 3 <5j5«q 3K.»«:Gordian knot £»JjjjlJI 

k*^ 11 J \ \ «,)|1 ^jZxLq3j .^j ifl’k 4ull (3 L*-loI Lz* I fl*\ fl k ^ 6 ki >J 

.4 Q ,k o>,' 1 » lo S A S J 5 31 II | w |_zw ^ J)Lq 

.4-qLc. iK^o ijok. ^uoLj^j» jJaaI :GPS 

3 A 3 <Y * ^ <_> I^Lxl :Grandfather legislation ciiuJ l £jjjiu 

mostly original iAu*\ Zy£j u 0 ^^' cJli <i) MOSHs ^^i.1 

.^j^ljJIj ^jUJI ^jiJI oUjI^ jjx*. 4^_uaj jiLj (substrate humans 

«» 

.MOSH 


oljj-^-q ^ SjLc. *^1^Jal^JI jJij j :Haptic interface <_s-uj-cJ J^lSi 

- (^ II 4_a.^j iaJLu^dlj (juLua^l 1 \jci iS~\ \ a j ^ajlqJJLj ^iiLuiaI ^J^3-ojuoJJ ^Uk-AJ 


(3 4 j 1 1 a a i ^^LAIJ ^ x\ t n j iHaptics ^AAaIJI l \ ^J L O 

. III ^Ja-kl . 


« * - * 


^XJU lUlnij Ul£ iHolOgram ^ ' »^J 

^Iaj^ .S^JoJt 4.^ \a 4-^-luI^j 4jpIj- 5^ 6 J* A An 

Jjl k, uirwlJI ^j^juCxaII 4-a^.II I j) ^ II . 4 j'^LaJI jL*_>^!l (J Sj>^uO pLllu| 5>jlx[ IjX 

^1 UlL^k kl I JJ A^ilI lla-kS . ^OJlALI^jJ I .UCkl I ^X aIL» Cj Lofrlal I 

*■ Aju^l'k (JX S^^JUcJI <4jLo ^J J? «^ 11 d Acl k / II ^X-UClIJ I ^Li r . 0 ,^\l 1 

.&JJ) ixll ^X Jo^-k 1/0 ^\-kLj ^1 jua! I (3 olxa^ ^jxuJ^ .JaXfl X^-l^ 

• i^jLXo 4 Xj>^ ^Lj 4-JjXuJI 6^1111 J| 

& * * p, •• •• 

,~»l <fl“«a ^ ,L5La>3 * «_^1* l a .va ^1 :Holy Grail ^-wjxa^JI 

** M 

pLuUlJI (3 ^tXLilil 4^tt._\A. UjjI ^jJI ^^xLJl ^yul^JI j\ i2l ^ t ^Xi-LO^J I ^^_u2kJtJI 
.^jLcu^flJI l^_l A^Xi ^yXll pA-j] I l fl . VA JJLJ LcuJfl 4^lu JqII o A..k 

* «k 


(jluiXi) n-^^riU ^Lu^)!l» \Homo erectus i-oLSJI ojusoIq-II jUuj^II 

< ( ^uj*XLIj tJ lUl ^L^kii.1 l 0 ,7,~<Ij 4-Ltu ^^_lLo N,y ^ XLc Lxjji_fl| j <LqLLI1 ^1 

<il Hj 6 4.x 111^ 


i 



oUJJa^slI 4 jqjLs 


j : Homo habilis 4jjJliJI JIacVI (jj jALaJI (jLau^l 

oLurtl Jl 1^1 fi ioLSJI V—* iLI ^Luij^ll J| ^-ujLi_a i_1 in 

(J^l S 0-^l5j .4 ju-u Y \ j'A ^ ^ SSjo <JL&£:^!I 3 _>4>LLI ^jLuju^II 

^JjlLi 1 0 ^ -% -v Li ^LuiJ^II (JSl i-^Q 4-flJlL^-O ^jLtuj^ll Ijji 

.J jjTilI <3 L^qJl^JLujIj ^)£kZL>lj i,OL jL iJI j ^lJI Jj-o 


1 • • jlo j$la jj (JjSj Luj ^jJI o^lcJI '.Homo sapiens jSLxll (jLauVI 

jbCu Levifl Sj^Jallil oLxxluj^JI 4ajj Jj-o oLuJjJI JjaLxJI ^Luij^ll 4 -l»uj .4jujj 1 c3JI 

»4JLUIj ^jiJI <^JJj (3 Loj i4»xlfljJJ 6jLCl>L> 3 a e>" 


:Homo sapiens Neanderthal (neanderthalensis) ^UjOjUU! JSlxll jLuu^l 

j^Joj Jbjj^LuJI Jj»L*JI 3Ltu-^I 3 jL> jjculxj^ .JiL*JI ^L^ujSIJ 3^whai 

f* ^ 

.Jo-tiI 4.1 n> c-slII ^ jjlo ioLLlI >_x <rg»Aje> 3Lui-i^JI 3^ 


v4-c^-X flg "* /a 4 \\ v \ 1 <iij5 U C.M o aj 1 i«A->. jjisj tlSjJI £_ClSjj (jLuij^ll IjA 

4 ^ ^ 1 j.-%7w 1 j*bU 3 j) *-* 3 jh~ v *^ * J ^ 1 L> ^aLj^o 3 ^ 3 -^^ 

(3j v 4 jlxju c-flJI 1 • Jl Y 0 Sxa JLjjJjIaIJI J5LxJI lj .4_»LojaJJj 

jl J jL^JI ^ \ /«t5" 11^ J3L*JI j^oLjlII £-a t 41AC. 4--y.jJvJ pl l-fc.jrLll 

.(^Uil 




Lkjl jljjLaJI aj«.i5~'ll t> p ji :Homo sapiens sapiens JaLjlII jj^LxaJI jLau^l 

^oLjuil jtluJI^ -."»<Aa 4jl m * _iJI ^ * ^pj JlLo l_Lfl_i^)_flJ j jij ^ ^jjl JiLxJI ^jLcujSLl 

I A. a 5 j^iLlU il'^LuJI ^Cb 


Jjj c^-> guoL^ :Human Genome Project (5 ^-uaJI 

OLojJ*.o ^jjumj ^jJI 4 _i| 3I (,5^1 CjL oj^i t e> Jl 33 j 4 .iA.v^k.l I jj^xo ^ei-y. 

f» p 

Ioj Cjlil^AiJIj dl (5*^1 Cili-uaj ‘4^ '.»»*>a*' 

. Y • * o ^ -vj J ^~< v 3)1 * ^^ oL^jLollI v q <vs" v ^ 3 

Sjjj^o Zaqx. 3U=^ j SjLgll *Ju jl j*Uii:Idiot savant 

jjl plj^jl j d iAjAC. 0IALL2A j 4 a >a 11 jiifi dJJj 1 jAj ^1 1 mil 4 i/afl~n L jiJ 

«* 

3 Ua-i 3 ^ I lo.t J \ “ l * uU-i.cy i p^nfl tl I y—iir> J j) Lo ,i. 3 t i„l J 

t ? - 

g-iku 4 J Li I Jxj^LLI J-C- . i 4 _fl^)JL-L 1 ^ V I Jill j I I 3 L ^ 1 -^- V ^ 4 - 1 ^ 7-1 Itjjy A 



iaII La 


s si Aj 3 I \fr j j 4-o 1 "t. iAll 4_iJL> jljx:l uj Cj^ j^£uJI ^ fl r>^» II p-LoIaJI ju 

.^Q-vl pJLc. ^UflLJ J_C Jllo jL «(J.^-CuJjJI |»,UjL 

Jjlolll j! iJloj ^jlll oljLJI :Image processing 4 jJLjlo 

^I 4-jj)fllI j) w ^uoLjjh) |^1. ji*\ .Cj^ Llu^_> ^j^lii c4-cuLti ^_C 


< ^ 9 _<juu=*. (J 3 J 6 J£-I ^uLlj ^jj) v v o*\ llmprOViSOF 

JLa^l Jl £l> 

« *% 

.j^jL JjL!l3j goj^Lwi^jl ^3-a-o-JJ jUJI 

j ^ejllll j SJUJ1 :Industrial Revolution Sj^jilf 

L^.1 icjLuu^a olj^lcu j^IJI o0-^-1 b 

• ^hnll iLa^JL, j-toll jUl 

S^i-i Jla t Lo ijiat j isjU jjii oLiLuJI j *_>Llj slnformation oLojln-all 

£-o 0 L 03 U H ^j^ajLatja > \\ o*\ guolj^j CjLLs ^1 ^*1 oi 

.J|_luU 4-LiLS oLa^lxil ^1 gt_u 2 hju£ijl j <Hsu ^ tdilj £_o^ « LuI j)-tiuc. IjljLIj ^jJI noise 

^ f 

4-LiL fl j\£. LAjI 0 L 03 Jn.ll .QLoj),1*0 d.\*\. I j| k\ vij JaLi 4-ojLCLx^a (3 ^ v j ^ 11 lj 

% \ <ii,> Lul .^^sLLI CjLoj^I * o ^jja I CjLcw^I * n » ^ a \ vH a_jlL^1xuj *^! Lljl. ^1 t^iHi] 

/>C- 6Jj 4> J v Q~\ full t. a^JLm t^oU.1 CjLjLlj ^ya J \5" nil, I v > j \ W 11 J-ol^ ^JfC-ui \ 

** 

.CjLoji»-o 

Cro :Information Theory CjLo^JjloII iijiij 

. Cj LojhdI Ji-C Cj^I 1 Cj a5 ^ c ^ i-v \ I ^ oLo^lxlI 

dJj ^3 — 6jjljjl intelligence pt^iiJI 

t J^UlLI t(Jl I tpl_5_Ji <A>V) jjj ^1) 4x.j).ojkO (J^jun^li — ^oJ^JI 

jLfij ^1 i 4-jj>fi i jJI ^1 i4X.Ij^JI jJI oL^jlIo .(oljl^il p-ljl tj-jUlJl J-C ^JjjiHI 

^lJ1 4jlfl a II 4iill)) 4iL pl^jJI *3 .j uJijAJ .4 a^qJjl1I 4_5jJI jl <6 

((.^^3^ 4JL=W J U_>Lu JOJLJ (^)l^ v J liljjl ^Ls 



CiUJJo^U 4_<uLfl 


Jlo '4 Vi d.fl vU,j| jjp * I Q jj CiLl^-oi^J intelligent agent ^ j o^jlo 

** ^ ” Tr w * * ^ * *• 

ijx *-j^Q** j^aou £-11 is\ 1 pLaj) I t o ^Jx ^Jj) j^> 11 4oiLxJ1 C-tLo^btl I 4*£j hi ^x £u*»jJ1 

.^Lut_a 

oli'bUJI j ^ = J ^ oj^II . ilUrt dojU j intelligent function j a 03^ 3 

.d iCdl d a \ Usj 11 Jlla J^JlujlJLI ^jjj i ilQ 1 1 . 6 Julj>jII 


Internet computation harvesting Cuj£)l\ &*.ji2Lo iha . 

n 

V 

cj 11 (3 4.1 At*\4iio <Lul di% jjLu 2 uo l 4 j^ j rtpfl 4U-v. iproposal 

Lo iJLxfis .djjlj^o dXjLfl Cj\^>Jj) m jLSLjjI ^auu 4 _L_uj 1 clljj^ <Cu1 ^X d,v i ^ r7ill 

Cj ti pLSu)! \ ^ ^ A 1 <^X 4oJ^I/. i.lLI _/X «CjL>Lui^JI » ^j-o 

*» 

. JL~ at U Zj * Q a i J^ljuja Lo-lS ^fl^tl (J-C >J-1 

i+Ji\ ouJaJI L$J^U. Ijjj jjili iiiojjl SaoJI :Knee of the curve ^‘tVtoU J-uaa-o 

aj 4_i1aj SjrLflJ ^jfcLts ^-oJ> 2x$J 1 ^-oxll UatxLi .SLa^-fl I <3 ^\^ \t 

^ P ^ 

. CjI^jj) vi aCJ1 6jJ fl o (3 JjSlI cJJj CjAj^j j> .S i ^ 3 t.ftm i 1 fl IItyia jjJ-u 


.Sjr^Llt oLaji^illl pL£J^ ^ja 4^~ :Knowledge engineering 3 mat ft 

(3 (^yo^vJLLJ pl^A—<J-^- (J-C- 6 AcLujJLI J.C 1 ^JLl1^ pLa^Lt 11 A.>j| 

,_/v jl>> ^Lkt jjl ii^jLo 5 jxLi (3 1 - ~j r- J ■—■ ■^■~ jLLaj 

jjJI j-c. .All Sac-lSJI :Knowledge principle ia^ juJI SjxLS 

Ln 1 L^j Lo jvLLrv\ Jjl .d. \*\ jJ 1 dl-viii ^| ^jXi <3 ii^tll djutJL 

.L^\a-iA~i i do(j oi d5la^ll Sjjl^J.1 iijjull ■ «* 


j iijjJll ^knJ ^Ll^ :Knowledge representation 

.jjLLaJI jc. 2^a. 4<r> 4xfil^ 4j^ j-o CjIj CjLjLlj 4xlj 4xlA ^Jx Lo J1 ^ o 

.CjU'^LjiJI j 

SjL*j £-o :Law of Accelerating Returns icjLau-all oIjjLslII ^^jLS 

£UA) ^/-> 4 11 /V j 11 SjrLflJl (2)1 (_^l) LlxuI 



, r . U IU.^1 1 


SxujSlI SjUjJI 2 -a :Law of Increasing Chaos SjUj JjilS 

.(3^0^ j 3 j >^ ^uAj SjjLII c^IjA^II l/-» 4_ujo^JI 5 3 1 (^1) i-Liul Lt^L^ 
4 v\<oJ)Jl 6jrLfiJl J J-cu3 tLo 4 j1aC. j :Law of Time and Chaos j-ajJI j^jLS 

Jjfl'l «n.ft ^X 6 Stixi ±I td lL< 'i dtuU j\jd ixlxa-*^l t^S) 6 j jLJI ol^i^SlI Cj's 

w» *•’ 

.^jjul^uJl 4 -i^£ ^jv-vl q“~ 3 I ^4-lLqjlJ1 


* P 


<j^}L5Jt j_c LAjI jiul :Laws of thermodynamics *4jlj^JI L^lqLuj. 
ia-fl-a* J^jLS t^ A1 V 3 j~ !j)^ A ^ A 33® 4-AjrLfll <_£jJl) SjjI^^JI li^llijil jj^i 

*• 44 

,i3LUI J£-£. U 4aW *£» j 5 .iLli £jSJ| J iilLU 2JUI i^ill <j! J^j> .i5U=Ji 

4iU=J I 4 \a\ JUJjaA] iijJtll &S& pljAJLuil I *i Y\ n i, j .ijjLLJI Jflflj ^j j-lJLa pLlAs ^1 

pi Us \ M <£>^jl^2b^ 6 J3jLfl.ll 4 _la£JI^ <Lq p.1 I\i 3 

^ • 3 L33 -K l ^' vf ~- Ttju^sl £3 All) 4_ijI jh^JI l^oLuJI J ^lill j^UJh, 

^ ^ «* 

oj^JI j (oUx*uaJI i^ji) <jl SjUj L 1 * I *- 

»p.li lAl n/bU 4 _iLU (Jj&l (JlfC-<nl jl ifiUaJI Jj^Xi <33^1 <3 (5^3^11 SjLij £-03 

.4jLIIj N j£l jjiliU 4 j 1 <r> C. ^| S*U£ 

44 

^jJI i ^ ^ 3 ^«»30 3^3^ 4a u ~\j ^All) K txitiijJI 3 ttJljJI 33^L5JI3 

•4 ^ ^ ^ 

‘(^ A1 A 3 633^ ^3^ ^^-11 jlLII ji^-aJI Sjlj^ J jx. f-3^f 

jit l acj^Lt icAj^^-ll 4^j^JI 3^ I *^ * 3A3 ‘JlLJLI ^fiLjuaJI p_tul_i l iA.il v_ a^j»jco 

al ^-=^3 .(4^3!^ YVV -) jl < jllall jijuaJI 

«4le L->lj^-fl*^l 3^*^ II 5jl^ 2 ** 4 j2wjJ cjM i4aaj3^JI 4^^iJJ ^jjLlC-o S^I^aJI 

• IxjI L^-iJ| U^-l 


laLajl 2.1 ; s-.... JL^.1 Jl jiliill Jx (ij^ SjIx) oULSJI Sjji :Life 5LpJ» 

P 

. ^ 0. \ ^ ajJj L^ >s< ^ A * ^jJI iflUaJlj SjLU 

* ^ 

U^Jj l^J pj 4j y\_miG 4_»J :LISP (list processing) (^jl^iLII axJLjl*) o<<ul 

^l^j^ll 4xJLxi L^oIj^xujI -kjj ^ d i-vMIT J pi ^n mfi"fc II J 

a ^ ^ * a Jlxi «<USliJI .~.l ‘il i»tl d . ...I ...Vll d v 1 iH j .CjliLuJU l _ J jaJI ^yO i-iJyajJ I 

jU ipalji iaiLS^ 4 xj-t a \ 4^C j \ \% ill p-A *1 * ujj^i 11 ^uaijj^JI 3^3 • 33^°^! (3° 





4^al, \-y"> m\ .(Jj JjioJI 4_ulj bj fl /l 11 \ 4_2kJLa_oj *> \ 0 * f\ <LujAj ^‘ui <_i <n \\ 

Loa jLaJI (J JSl 4jl ^Xj t^yC.1 \lr% iXJl jJI £-tulj 3^-^ <jx 

.oLlLuLclaJI q Qluv* wall <Lkic- 

«i « « •• « i; m 


j (JJj^uaJI (jjiJI j i U2L AAA la iu.jjj :Logical positivism <uiU»loJI d 

Trctatus Loglco-Philosophicus « u) a -loll jUU I iJLu,^)) l a ~/> a 1~.... l jSLiJI 

«• >* 

I^jLuJ ^5Lq_> ^ t111 cjIj cjIjLlxJI ^Li 4. uljJ ^^-Ll 1 *uj 

.(^Ua^iLLI LfraJ In ml «cUJLxi^J)) jl 4-jj^.^llj 4 VbLLLi 

j -six ^lill ^j^iLJI 5Jx> j jjU’ftll JLqjJI :Luddite o^SlI ^Ab^o 

4X- ^cs'-y e\ (J^l Cj£ S!1 jj-o-La^-o A A~*1 4-ii! piJL*-*o 1^^-oJ 

j\aJU ijJI CaS^JI 3^9 . 4.X L^Jrvjuni^I S^^aII 3 Cj^SILj Jj^jJI 4-uXj 4^uq^Ljl1 4 a ik\ a 

♦ *1 11 4jL^2^)Lxl 1^-Q^) Cj^lSn ^-oJoL^a 


ps-xi^ <Vi 4-uiG Magnetic resonance imaging jj jmlH 

%* 

i^uaJoL uLi.I Jx /v i.i-^ II d >. t \ s j 4_Ajjjj^h_A lj,j) 1 ^ g.vr> 4_Lfl*^LiI _/X 

JU-0 (i Jl J^Ij o\jjil 

J ^1j^ .(j<oj^1 (Jx (^jLaJI ^it i-Lsl\4 1 \ ^yC, 6 ^jo l dll ^jo'^Laj ^aijJaljJLo 


M 

4_Jlx ij^Lfi jLxjI 




Jl 


'_ v rsi 1 iij 


lj ^ i 4a^a J I^J \ CjL>^J.I 4 buil^j 


i» 

JUl 




Cjlj ^j_>^^.jJ d"-v 1 I>a j 6ii^j ^xaj t^UJI 

.4j^-ojJI 4«XjSll (Jaa SJjUI d tl-wl s U oLq-luJJ 


d< > ,7, Massively parallel neural nets ailiij 4 1 tint It OKi mil 

0-^3 i=JL*il oloa-J ijm jy& {y> 5 j^o 4 . v \±s>CL 

& 

.^yJuUiX ^ j ) ^ j 1 ts\ J A^ *Jx dLUi^O 


SjjA* ^ 4jjL?->4^ s -H* j :Microprocessor (3^X1 gdUudl 

.La J~'J * ‘ A< ^ ' CPU Alal^ 4_=C L«.a S J) Jx. ^^ ~ 

< f 

iajjla :MiUions of Instructions per Second <ujIaJI ^ oLcaJjuJt 

*% 

4ajU 3 1 1 <»>j) ^ \ i I ^UaUJI £j\SAjz J JjlJ d i /. i \ IL) 4 x^-uj ^uLxJ 

t I ill 4jJ 3 4 aC _/\JU ^1>uqLj^j 3 X^l^1 ♦6i T i^-l^ 



.TjI aJJoduall 4 -gjL5 


d ^ 1 1 J(3 l o.< • q ^.lo I I Jlj^gJI :Mind-body problem 2±<Luu\ 

^-*- u I 4_ul»UI oLlo^Lo-LIj ^cLUI S^t-aJJ 4djLa 4->j^di> (Jfl » 11 4jjlll j\. C- 

l^J ^j-uxjJI ^JLl oL xIac ^jJI c^l Jjk »_iL» ?tli 4 _^JIjl-o 

jJaljJI ij *k*s ^*v 11 1J^ ^ ^-oJJ idjLLI j\£. 4dj^$JI Jaj3 l Q ^ cl .A Jj Siddlj CjLlujLq^o 

’ * •* 

(»jj (dJj cJ^U. jt) ljjj«-i. jdl (>a jsu-.. j_'Q^~ :Mind trigger Jixlt 

£ 

. d > 1 o r_ ^ | d t. \ 1.1 -v- d ^ ^ S jlc 4 lie J I 

3y.s~ :Minimax procedure or theorem j^SlI j j» i r>*i 4 un ji y plj^l 

£■ M ^ 

1 6^r^-iii (3 £—tuj)dd ^LuDI id .5^1 ■UldJI <_jLftJl <3 ^ a ' "*l d t ml Jill 

S j'y «m 1I (J 4dJ jmLsJ \ Jya SjLu^il I y 4_jixjLl 

<Gjlcl ^Id 2^old^JI Sj^ja ^da £i^>dj JlC 6jdS C5^b 

-^ ^>11 <^c-_l (jl 


d /AMI 3 cjLajJLauJI iMIPS 


cj\xy « g^oldrMission critical system j h^ JL io-g-dl ^ 

d 11 pi d^d ^ dJlLol ^ Jl U-'jJI 4^ fd^C. j y. y 

t4_J^ll 4d*>I^^J1 olj vfl ^ > <cAifl iau iull 3 Si H px.j ^JLaj jJaL^Jkld 4i>UI 

io^iLuj JlC. jj£ ^jJI CjIvtwnj^JI JLc 5, LclLxII |»J^dJI^ t Joj)^ II j <jldj^^ 

>4 filq.uci jl 


4JLkLQ oLl^d Jlc -.Molecular computer jS gj*^ 

«« 

4 > <oljuo CjU ii^rv \ ^ol-ddjjr^-l^jl ^jLI (Jdl fl r&'j d \A\J|^ 11 l^AdlSLxlI ^jLlq ,JLC- 

(d iQ U\^ 4 \\a * \ aLlSJI 1 (j *i*\ <\) ^dJ I SIj^I) 4 fl lo.’Lft 4dl^d a "v (jJ JjUL2fc.j ♦Jjldd^)^ 11 

^ P fr 

** 1 * 

2)1 2^ jCU 3 -CdljjJl pldj>jtfl 2 ^ l^voa l.ujua 4»tld3-a-Jl cj l^>dj).1 ^L1 jUj 

L^dJ^d idjl^djd oldl ni^fc. I 4 J ( 2 x 5 ^ (jl^ ^ 4 jj1^!1a 4_iodJ)^J \ Cj l^)dj).v^cv\ 11 

^-1 XaJlxjuld 4ddd3^ '—*b”J) *^ .Cdi^Jl (JjllAj 3 Cjlddj - ?-!! old^d_L^d 

oi 




, r , u iu,^n 


fj ^jl <u*3it iMoore’s Law 

4j2k (3 (JS* A ~A Li ^JOJ J^-O JUJU^ i oLlLlLluJI t 3 J s 3-0 

lj (3 4-*-lj ' 3 4 jLLLi 0 * 4 \ in\ \ jJLusI 2 _Lju 2 U 4 -V ^ L vl I 4 AI 

.^jjO^JI jyc. 4JLo l5L"i.LI S^jI jJi ^_C. 6 JaI J.1I olj3 j) ^ ix>*\ IJ 4 v /1 N| 6^5 4 -a n\ 1 1^ 

•* 

L Qg-l tJ X \ ^ 4x.^pjj cdJ ^X. J J-C rvj Lfl ' Qg: 1 <A 

3^ cjLauucil 4 jujj 1 4xlL*-fiL> 4xxu^^J1 S^S £_flj <J-3 3 ° *4j_tu£^J1 6^5 JlA 3 *° 

A^Ju Lajjl 

4 

V 

4 jJ_ual c3^j (^^ 5 ^ 3 lu ^(j oh< o 3 ) ^iuJ Jj|S!l uij^!l <Y • ^ iMOSH 

^jUJI 3jiJ1 3^ j£-^l * 3io\ll 3 .(mostly original substrate humans 

M ** 

3^3^ ^ 3" C ' < ^ J °- i 1 4_ijLLkJ I Cj Lj^Juu^JlJ I ^ JjkU ajlu J 1^4 ^ 4 i j^T. 111 O LlJ l^J I j j. J Lm-» 


LjjliJl 31 3-1^° /^u *Y • *\ *\ 39 .MOSH L^_jLj 4j.iipaull cjLc-Ij ^^ 4 30*4J1 ^j-c^ 

.MOSH OO -0 ^jljoc-Li 

(303*“^ 3*^ 4 La>/ 11 1^-> 6jlx. 4xIj_>I ^aj ^jJl) 3iJI i Y • *\^ i3 iMOSH art 

.L&jlj 30"^ 4xfl djLlu ^ (jLjj-U 3-® 3l ^Pj t4xo_Lfl L»jJ^4 3^J)'^31 3^aj 

J 3*^11 3 i <Y-<U 3 :MOSH music 33-^* 


3 ^ 'Q 3^ ‘3^3*^ t 3 j ii^xo >t IU±^a t Y * ^ 3 :Moshism a j 

^ ^ p « S' 

3^ J^Q .4u_>Lujl2». 3^ 4 ->J FV -^ lJ ^U^ol (J %^*3 4 _i_uXiJtJI CjLc-Ij^^ 3 j 33 jl ^^ 

3^ 3^4 3^ ^ 4-fijH*-LI oLlIj Jl 7 U 11 J 3^^ ^ 4 r, K *a«A U <3Ail 

.Magnetic resonance imaging H 3^33 3^1 :MRI 


' q »\ ft 3 ... 4aqL^. 3 3 ^LUv\ :MYCIN ^4 -*jojLc 

p 

^g^xah. jLuCXQ 3 ^ 3*^ 11 JLJJ 3 LclI I 6 J-eLtLL^ 3=^1 (3° ^ A * ^ A . ~tl m< t /n 11 

. ^ jJI (_^lj H aSj 4 .» II 4-1^3 1 .\ 

. t.( 3 I 4 -JI 4 <*>S" I v a.~ > 1111 d * % \ i ^ 3^4 cjj^> 3 j :Nanobot 0343 ^^ 

gll^j J - 4 ” % * > 4-2hJL*-* 3 _c SjxSJi 4-iiiLfiJI 3HUI 311 J cj ^ 3 ^ 4 -^ 

«« 

0 s ^j3 > ^4 j 3 uJ^-tu 4 Y * Y 3 . 3 »Ij 1 I ^33^° cJi 

1 ^ 0 ^Li i,Lft)ll ^ /n" I ^g^\jLLjJI ^ '“-‘t- II 3 ^aJI * U^L=fc- 



oUJJajuail 4 _ajLs 


<>a a^I ,_a^ill j rNanobot swarm o^^iLi ujuu 

4* ** 

^1 j-c K,a ^ Aj j <4jj>« Ij 3 jus 6 ^ ^ 3 ^ 3 ^ o 3 ^-^? 

^ ** 

m, * * c, »« & *. 

4-uLujJI L^sljji £ L&aj Lubjl , j .^sjuaJI clllj (3 ^ CLJ <pLlAiI 4x.j)a->v L 


JfLiu S^jill 4 a jJ * 1^-u .i£ji\ oljl^llj oLiUillj ^1 *£j S£U1 

.ijjJjl^JI 4 iaJI j iiAljLil Jl*i 

uUTi. 4x.ljyuaj zNanoengineering (ii^jQJl) <u^ia^jQJi 3. m . y>fll l 

j^Jnj 3 .Sjju S 3 J CjIuul^Lo c-Iajj} toLluJ^Jij Cj(jJ-I1 4aJIjco Jx. 4aaLj£ ^ 33 *.! cl \ Ail 

jJajl s^jIjJ < 3 ^ 4 . ^-ijX 3X3 tjS\ 3^ jLJ-o 3^° fj-a* (J[ «3 jIa» 4 alK 

.Femtoengineeringj Picoengineering 

* 

<Sj^ 4iU&_> jjlilll Jj\j rNanopathogen ^^jLaJI < 3 * 3 *^ ^3* 

^ ^ -T 4 ** 

. 4 13 .A * II 4 -> 3 i AaJI Sjlil JjmO yUajUJI 1 t i <n a ^Li Loa3 


0 o-.q1 ^jJI j o>^>Li ^Y-Y^ (3 :Nanopatrol £j>»Li sJ Uu^Lud oja,j 

* * 

I pliLc 3 jJ^qj CjLjLu^I 

4 * ' 


.-.Lyrdl jliul ^ 4,053 :Nanotechnology 4^1^ £%\&1 

3-« jIaLo 3 "° £ 3 ^. (Ji 3 ^^ 4-aJ£ >jiu 3 oljdll *LaJI_a_o 3 -° ££3^11 

-O^jS l^ 0-^3^ 3*3 


p 

S^jiLoj iL^kll wJAjtfdl Sjjxcua o3^j^ -Nanotubes u-u^IjI 

«,> \ ilxi] (3 ^^ (Js3 ^3 ^^ Cj^iU 4a-uuLqj4 JoLoj^I ^^1 

l-ujL»S!|^ JLc 3jAjall ^oLjjlJI 3 ^_fljUo^JL» ^LlqJI 4a^jIaJI 

33^ 3^ 3^3 ^LqSj'JI 4 Jl 1 L» ^jLfli.^ >laI 3 dLlxj3 <^JLu^J 14 JLlL» ij^jLlli 

J 3 >a 33^U jaC LoJaX <Lux> 3 ^JJ ^jjI 3 -QA 4a*.LjI <3 3 a“i n M 4 t'tfl’l ij^jLJl . _ * * * I *N I 

J.a. ^1 S^t^^-U 4^o 3 LL 03 Sj^JI 4 Jl!L» 4->3jLjJ1 _ > * ^ 3 .V * Y * ^Lc (3 4 -w -a. vl 1 

.Aa^LaJI jLsa^M (3 3^^3^ jjI 2^^ i J 1 x \ 


^Ij^jLujL I^a pjy&ij 3 ^jJI I 4 J ^1 5jlU 1 :Natural language Aj a idil ) iiill 
4 J 1 JJI (3 ^*v ^^13 .^ 313 > 4 a 11 ^jLuaJI 3 "vlJl (JjliLQ 3 ) 4 jJilad^l Jaa ij^Ju 4 Jd 



Zj L-LLuaiI 


* 

(3 Sjlx. d i A 1 r_ tilij Lfl-L-v i L(lo La Ja. Jl d a^> ^ Jci^S d i % \ \ L> I i 

. ( _yi*ll > J ^i]1 

Homo sapiens JLijjuLUl J5UJI '.Neanderthal ^LijajLij 

.Neanderthal 

JLoUl <y Cx^i La >_jyi jlic. jj y j_.^< :Neural computer j5 ^j > a i ll 

LoU^uaJI ^Jld J Slilsd. p ^ ^ 11^ 1 ' 1 yijy ' t /\*v 11 d i . .^s * II d<C \ ,7.\l ^J^od ^ I k" ..n 

^ A 

. 4 _) j^iiaJI old j> U gjUi {jjo 


i ll 3<'A.I 1 j :Neural connection calculation JaUij^l 

Ijla Jl (3 1 ^ * JoL^I «)> < \j-^A . >1 ...^II ^ < j^aij 

M ** 

^oLlII LL iiL-ol^ ^4-oj)il j-o ^1 s- >^-l L)j)i3i.i LI jjs ^jJI^ 

4j1aaJI 6 Jj 2 >j L)^ \ »Ji |j^_» oUaLujJI ^jjo g^HvU 6 JJb ^o ^^-v“ 11 JLux^l <JJ 

^.LaJI 3 J L5v 11 <J1 <jjj£L L i_y^3l 4. tun a 11 < ~ * 1 jy ^ \ iaCII ^jLi cJJjJ <jn i ^\ 4_i^l^S3 

mJI (j^i ixoxaJl SjoUl jA^i i *\jj rNeural implant 3 jm/\ * 1 I &cl^}JI 


^jLJI <jjjLll 3 ^ti-o <3 Sjj^^o 4 m/\xll oLI^^JI ^_u^!Llu .el£ill ^1 Sj^IjJI ^1 
Zjq^Lxo .4_>^iJ! x j )' x ^ a U ys!iL_o :Neural network ajxuslxI) <iiyi.ll 

j old^djL^dkJI j ^LuiiJI 4ddd O-Lfld l^u> 'J '-^ 5 ^ ( j 1 "if- ,5 1 oLd_o^j (3 io.iiii' ) 


£• 

^yucajJI jlyJI j oL^Ldl yJL*-a 3dli :Neuron 4 _n<A C. idi jl 

.(_ 5 _/>idJI ?J.I (j (jj. ydiC. jliLo \ • * jl_< La iJLiA 


Jx>.^.i a! ijyj-a oj^ij ^l^.nc jjIuM jdj .oliLiJJ ^plj ,nc jjLu :Noise 

.oLaj)i 31 II (_y^fllddd^ .oLa^-La-o ^\ ^ .All 

jli ikdul^j Lxxsj ajj jjli rObjective experience 4 jcjyrS ^a ijjoi 

.(jd.Ld jl jji-T 



ZjIaJJ ea.^1I 4_Glis 


dLCLt^A^A ^iLj Jx i^fijuu oLi^o^j ^oLi^j :Operating systcin Jj^ 

olj-^4^ Sjl cj^U^-luII mil 3^lo tiLIj 3 Lax ^_alIj-J qLoJl > %.1I ^_y a 

J^ail 


5jLui :Optical character recognition (OCR) £ujjaH ^*111 

JaGj ( JjJI Jn-%. \ 4_i^3Loxjj) 4x.j) ilna j^-oj jJlc J ^ INI ^ya ill ^mxaj 

. 4 _lojBj 4jlxA ^_c L^jjiul 

JoLul 3 5jQn.ll oLo^l^il g-H-mx :Optical computer S*$ ±y& 

3-xLox ^xx Q.ia» td 1 .; Al\W 6 j^slxl\ ol^XX q£JI ^j£. t. fljjL"v. \ U JJ-Aj tC m} 11 4jL-ojI 

P P 

o lxjjjjiJ 1 Llj 3 ^j . 41 <n * Us 1 >» ^ ^ U\ / 1 > j 3 -c. La jiflint ^ 1 d, v wj jrt_*C 11 ^x Iji j 3 i — j Loj I % 11 

-d_QLVv 11 4 j»JLi 4 _»j 1 ^Lo d v /‘.j-v > u 1 1 * 11 \ ijj toLkLuJl Jya 3 °~ 3 ^^ (J-Uoj L 3 

i^LlL oG l^J MRI 4x IIU pt-a ^X ^juSl! 3_.~.s~ :Optical imaging ^^uaJI jj^uaoJi 

^ ++ 

P 

3 JoLiGJI 3h> Jclilll J-C .^4j^=uJI 3 3-^ 

.plxj} urtl II (_£j-3LJ ^ I 4x^-0 jJI 4^jaJuJ 1 4-lXj^ll 3 ^sill Jsjjj oLi 
** %* ' 


3 oLo^UIl ^Ug (_^oa jLuua ^a ^UqjJI jLxjla ^j'^Lj oLaj)l».a lOrder 

<_£j^LG f 3j •P'Lfl-JI ^_A 03 ^-* <SLaJl Jl^l jj)I nj 3 •*—£-0 ^Ji'^LjJI 

^x*x ^3 .2 K /nil 3^ 1 Jj j^-Uv** 1 II ^ a ^olx^x) 

•a 

P 

^ 3 ^ Jlc 3^^J1 Sj^^aJL» <jJLxxJI ^ja 03II jt <oLaj)L*l I 03II 3“^ 3j?n 

£ 35 l j 1 oLqj 3 * ° ^°| — 3 -^^ jkUaj — Lo v 3 ^^I JzJI <—iliaA^ js 5 ^ . 1 

‘d p 1 IojJI 3 ^ •^-‘3 A ^UJI 3xil jj) 11 ^ ^ ‘3Jj £-*3 .351 ji~^ 1 JAjG La|^ 

.j\Sk! ^Lc 3< tii\ 

.4K3 u> J^J 5x51jl jl ijLLI :Paradigm 
oUJLx^ ^jjkluu olJl ^Juj :Parallel Processing 5 jjIj1aJI 4oJLxaJI 

ki a*\ 11 ^_o 3 j^) • 60^3 4 j^JLxjO 3 jLLo 0*31 (jxLftJ 3 3-^° J o - O SjJJcLa 

.( 3 -i.uLiG.il 



^.1 I U I 4_AjLi 


jl ioUi^l jx uJ jjOJI :Pattern recognition Ja-alll <X Lt wS^aIII 

** e. p •* p 

pi aaulII J-ua ^ *» oNi vU 11 4-HqI .SjjLsca O^iLL A-a tyjjjj ^I n 

M 

p ^ 

■ OaU xJl 4jJ Jlo oLj-ualj <<Lc.j).ilruU I^ 

UjUll ^ ill .oLluuauai.ll 3^ oLxljlaJI >11^1 3 :Perceptxon pN^idl £suj-u j ill 

(3 1 * 5^ ill o^lSl a 1 a *4-»^/'iu.ll olljpuuajull 4 \ <ALj £jL&j t> 

OI^LxjuI ^_A O^lSlI £>1A cl^J olj-ual^ ix^xL-LI Jlo Ko111 jjlku 

•% 

.S^Uil S^usjlJI .-. Ki.A.I t 

(jt j»lx. jtoju :Personal computer ^ u^ . -U uJI jj^uxSJI 

^<1 Jjill iaj^Ljl CjI « — cj\ ^jj 4j_uj^-- jLic. ui i 

Ja~ ui a ui * Jaju 


u* ujA:~y i> <=■>?•) (jxiLla jx 4j~ifl~ rPicoengineering a 

.ijjall c^ cl a i. i,i~^ 11 ^^3-oua Jx ^ qj jlA JjJI 4 iii.i'i* I^AXU .(jlil 


CJJ^I ^xiUI ^jplJ ^ <v • • «\ j :Picture portal Sj^uaJI -JjIjj 

Mi 

ttM-J1 jLxjSlI 3 ■aaLux oLI^JI < 4 !toll ol j^j/<i.I 1 3,9 cOfljil 3 

.Jjjijlloj 4 _*_aL». ijl^J i^jrua. < j4^° cjjl f aIalojjj ♦3-*Ul CaS^II^ 

p, 

<jx ^ i jy ua^ 11 4_o»Loj jix . Sjj ^11 j-udixl j)*oj :Pixel J otii 

M 

ioLLi j ^jJ Ujjj cliLu jx obL uiSUl c^jy ^JIlhI qLcj>L*.q 

^ M " 

. S^^ju^jl 3 AJJLs^o 

4 AA.r>) ^ 11=1 :Pretty Good Privacy (PGP) icjlfU Sj^o^jaUI 

L^lHo PGP ol j l 3^"^ J^- Oujrll^ll JX’ 

infl fl 4j Jfliu.'V 1 ^2iLl >lHo^ iJLoij fl aul ^1 4^0 will ill Ij 6j-uiu LoLc 

Sj^Ll^Js! ^jGa^jJl 3^1 ^ Q 1*11 4 J 3 LAU I^J j> 1 vfl 11 aJ^IxuJ 

m ^ ’ a 

^juo jn_i5k J AC- Aj pal 1 . iIIHa Ll J) ^ Lull c tiil .^Ldl ^Lil! ^IjjUxoL 

iuLijua. j^uoj 1 j jlc- <3^ 3^-<iu 1 * Lull £-Lxll 3 oLlJI j ax /jH . 3 °!^*^! 

3 L 3 3j) fl ail I oLajMl ^li dJli) 4 t.\ ilfl'M 4 b xjuj s ^aJ1 ^IaH-ojL Jj>5 X A Ofij 3 





j\jsSs (qu-bits 4 .ixv 5L3I oi3..i.il i flLi 4. v^Y-il 4 tnI utixaTa *(cjLcI (3 

.j\ LuViJl £jilt IdA 

3atc-.il 3....•>I I. giio SaliCJ jLju> :Price-performance SeLaSJt-jx-uJI 

£, 

.SjJu =^jo 4xv^a pIjI jh>j) 11 ^ 11 £t-33 x vxv^ 11 .~tl a it <Cj )ny o iPrOgTcUn 

1 <3 A (] a * 3>^ 3^“^ FORTRAN C Jj-Q 4 JL 0 . i^yo 4 J 1 JL SjLc. J^Jl 4_alj£ jvljj 

3)La^p ^fwnl ^1 Jl=wjuluIj 4_lSfi 4_iJ 1 0*V f\ p3d jsi ^u-J1 3)J)^' 0> jrJll 

% 

(j, S^iiLua r*-^ ^33 ol^iuTJI ^j-o 4-u^Lsfc. 4c^a-a-o 4J^jl 4_xJ .compiler 

’ ** 

La^JLt q>.Laj y^> a yt> UC ..." 3KU-. .... islL»j :Punch card <ui&a iatlxj 

1 Q .a Ajj)5t.r> --'Ij^. al j l.U K 5 jQ uuuo Clu ^ JjLjU_iJ1 

pUjofiJI js. a.j53 A w.j-^ll ijjjj iLijU rQuantum computing 4 a«£JI ijuu^aJt 

f. ^ ^ 

4JLa. J 3k3-^- J (_jl jjx. jJjwo oLxvaxux*. S^j3 ^ . v A." in W} 

.Qu-bit ^<11 oj- 11 ^>1331 ^aQ t <j, 

iwiSJI ilUJI y* Jj^y. ijiac :Quantum decoherence JadjUl di 

t* 

4-11^ J| (^ xv*C JI II (3 Cxi i^LdJ ». fill I Jd-o) p \ n\~% 1 4-xyfl ill 

\\j Sj3l»Ia1I J^c. ^1 5j^uLiil 4 U, -wN A11 d ^ t" "i 4 <\v rt J\C. 


j*-Luai]l 3 * Jx^awo JS-i :Quantum encryption <.$-*£-11 jjiuoaJI 

<Lr ^JI dii jjllIII jtTvtl .oljjjjiJI J!La 4 ^LjLujlLq OLaxma. ol^Lt3 

•m 

' UjLo QjluaAia j . .Quantum enteuiglement JjLiiiU) 

«* 

a. t ..i-v 1 1 1 xv ^ ^3 Ijl <( L,v a*\ LujlLo » . 4-ix^La. 

1 rt \ ,v *-a cJjLoij 4JU. (j 3 »0^ga^ljt3ja ijy-j&Li3l £ <jL>Q Irv v^ 

cj\ j)t /ii 1 Lv L^Ui 43Luil 1 cjjI^ Jj)Lv 11 4 _*JLv oULiva v i^(j***> (J n ^3 

jU3l Lu^ 111*111 (2^3 ^j^3JI ^La_2w! p3 lj| QjAll 1 ^JILo <3 . 1^4,3<Ajl 

ij * fl j LS^iKxv viu 43Li cla^JUl^l ^jLuAi 3 >-v^)Lxuxi 3a-> 3^ jLl^jJ ^1^3 

3r3^jj.ill 3 a-> ^Xa/i J1 dN Jj cJLlik j<t A 4iJ .<ciLojJ1 4 111 ^ lt a \ ^ clij 

«• ^ 

3)^J .LA^LLoaxj 3)^3 )^ 1 »» 1 "ft$ >j 1^3 4 v^ v.iNin I vYn Jl5 iI.vcl*^ 3311 

di't a 11 4laLaJJI dlLu 3 )^ 5 ^^ 3 ^-^33-v Lia^ jI^j!Auo 



. ~ .1 IU.^1 1 


dJLj-A J <3 Aa^Ai* 39(3 ^ a JLi^cajI jLlujq 3 4j 1 i_ijLxjJI QjluI^ 

. Pjp^JI ic^-uuJ ^2*^1 3j 4j* n! A *}LnJ\ (JiLu 


ci^J oUf^JI cS±ztiu v i*n\ i^^ :Quantum mechanics ^11 

3 ^ ♦ (3 <ja£Ia 4 In^v^Lo ^JQU^JU .4 jlujLuj 1 oLfll I S AC- ^ A tiijjJI 

Ijjla Lubul^ . cjLo^ 1 \ lc- (j^LLao ^<U5" a uL^-s 1 ^jj 3 L^-uoLolol iSUcJI 

4£-ubj3 3 ° 3 I I\ V\o > LuL ^ *\ TV ^j\j^_ia 33^ 

3 <UaUI iij>IcA.I 1 j\ <n.o3 £jtv < 2 aj,.»^ (jy uiU (3 ^1 3 

j^JLtj .(slj-o a >3 Lojuc ‘c ?0 o n ft.> (3 4 aII ol jLlqII a>*Ij 

4* ** 

^aJI jLoJLL 1 *mT kj ^aJI ^S.u 11 1*^43 »1 t^x .> 1(gjt oIjLmlI 

.La JjunI^J SjAJtlil d lAOsl L1 IjLxLajj! i(Jjcfl-llj 6 jLkal 


jt Q ‘S' ^a I ^ 4 . *a( II 4 ^_lu i^aJl 3 ((,,-a*\ 1 1 O-iil)) aIaAJLluI aHj iQU'hit (j 

SjNliLi! y\X. 3I 6 jnLLII 4 lAO nI11 ^ ^ a*\ 11 JojlilLfl u_,> i mi 1 (jA^ 4 O-flj 3 ^jalCLj 3 

M 

.A^-l^ 3 jfl AdTi i!U 3 >^3 ^.a^ Cu JS ^jl 3 (‘AajCLa Jjualj (j-o 

.Cxfl^JI (jjuiU 3 jfl ^ 1 <C \a ^_i JAC- A^l^JI ^ a*\ II OaJI 

^ Lvi» i Laa iCxfi^JI (Ja4Xj 3 4 K ^.1 a\ j* 3=^ (j> T 3 0^" * 4. tA*Cll oLlJ I 3° o 

.it 1^11 4 AaKJI ^ a*C U 11 a*C 1 \ 

c j1aj ^1 6j^IaJI :Random Access Memory (RAM) 5plj-flJI hj £tj 

*i! 3^3 ^^ .Sj^IaJI 3^3^ * “j 

.JLHa (J ^lu 1^31 31 (fcLlaj 31 

^LA I1^ O t Q uixJ l_i 4^- |k*i t ^ I AJ ^J^JuXA^J 3 X Ml ^ 6^3 ^ ^ RAM ^ ) 'A i 1 

.I4 

:Ray Kurzweil’s Cybernetic Poet <^ljJ ^l^xuJI jx.LAJI 

g * 

^L^ll .jaAJI ^ 1*^)1 L3>L£^ ^ ^aJLuu 3^3^^ (5b 

c-s^jLa ^jLcu ^.Ia^JLuL «UI 35» 3^^ ajL^aJI 3 i^i^LU iJLilli i^LojSn ^3^ 

^ M 

• isLuSil 6 jjJ> | Jx. LojLa 1 J-i 1 lj» 1 I 1 (4 u i^a 'I .~.I*C t A. 11 . ' t jfl \ 

-Pjij'^ll j (>s :Read-Only Memory (ROM) JaAs EpIjAII Sj£lj 

.(CD-ROM 4^) 4iUJI jl ^0,1^ AJ ^1^ 4liplj^ ^j\ A t 



IjI lln 


aj jjl axjj .Jlc. .-.j.^ 6 l^ 53 j Uj * ■..*" ill :Reading machine Seljill ill 
Ac Q ! I d VC C i ^ ^1 LkJLi. Sdl^flJI Cj^I aJL^JLuUJ ■ ^ 0 J d"^ a 11 iiljjJl (J Ld)^j_l JJ t-» * 

w ■ ** 

* 

1 A/^ll ^Hi-Cs^ 6P-1 ^aJ 1 <^C ^ dVN I till j ^ Lo_i c Jl fl til lib iII OJ 

. Se-JiLlI J^l a ila % (3 JlAJaSh^ ^6 pI^aJI 

Jx Ltoloi ^1 4 fl ^jc, j\ ^1 j \ j-h*> 4 _jXoc. :Recursion ^aaxuaJI jIj ^ ti t 

jl) ilaLiju J &I (Jj\j& J=* plj^)! j\J& J£ 2^? i3^3 4.A- Lca )I 

4 i lo* II 6 JjIi ^aj-uuj) .JjLuJI jlj£lll 4 jujujJL> ^a^l 4 „Jc 1 -gjo 4 K mlI Laj^ 

p> ^ f 

,jjjj l^jLui^. JaaJL jV 4JS-Aa 

j d^Lill JdS3 ijjddtJlj, ij>^Jl JSLill r^ Ijjc J iiAjJJ ^iil <>J .(jlji; 

J!Lg id il in" 11 <_iLxJI 2^°!^ J 4-x>l JlAJLluI ^jji Jj)(jail j^Xb Lcl£ j I j>£L-d J .4_»^l^^_d1 i*<^ll 

.JL* ijjj 11 ‘_*-* I 2^°l^^- 1 

i^ajd c^lA;! :Recursive formula ijjljilll 3 awt J 1 
, JjJaA Jx l^v^J I uA lit gwj^Q .La Jz* Jl Jj) ‘^J) 11 (_£^l^5Ldl Ci^JI 

w* * •« 

.(^tj^Ja-LuJI JL© 4 _l*J jxIJS c*^LiLo) d K /Ti a 11 

ibis £l>JI J p^aJI 4£.j%« jj! (\) :{jy±>\j^\ Jx. iijiai :Relativity ^ LxmU l 

pLijaAll ^Ljl^aJ 4.uAljJI JI£L*joS|I (jl (*^) n 5 .Ju^IjJI jj-uail ^yC- 4 la" mrij 

Jil^7\,ll 4 jjaujJI 4 \j,_Uv\ (J2 jLA*Aj Joj / .^liljJI CjIj aJAJI J^ J 6 j\JJLa 

Mi 

5^^, ul;1 jJiil .icjuJl SjLj 2-0 ^Jllj, .jbu^lj <5J3SJI j ^Ij iiUJIj iJ3SJI 

,/\jb ^i\ N 4 i i ij-uJ 1 

M *» M ^ 


jjjSJl I a a. t,-< I d v'.^c. sjT:Relaxation Response jiuj^ll JaaJI Jj 

*« 

J jAl^ tjj| ojj ^ fl Arwiix> j ^ J rJ I Jj lijLis j^-x-q J OjjAl 

M 

J ^^AUlAjI 4-i^LuDuij JjlaJI jj ^1 ((uj^>aI ^1 JjL 5» (jjXc- I^a JjlaJI jj^ 

.cxlfljl 4 x>^pju^ ^j(JAJ_lI J t^jJI 


5 


0^1 ^lill jaaJI j :Remember York movement i^^p- 

CiLqj.lo II 4^J in (3 2"^>° Jx. ^ - Cj^II " l^~- " j Idrj^-s. « t j-jxxJ 1^ (^jUJI 

cl J J N A N X 4 o^l^»-Cy J 4X-J) ^ ^ II J-C- ^uj^!I I Jib ji^l^ .4 _xXLjlII 





t4afct \jLd 4_dl oljJLa J^jUI iO^Sll a ^ya J JX ^J-C. L^J^i4. ^afL^Jl >.\\fl n ^j) 

.^_£LiJ1 ^ 1 luJI ^ I t 1 fl \ fit j^ljX^ILj 

M 1 

iiW jl jl .^iio _,Lii.l :Reverse engineering 3 j m£« . l l iLxial^JI 

(^Lujli^I ^aJJ SjjU! 4 i inj.-JI t~> ?< up^ hi n .4_J 1 i^ 'j)J jJaj^ 4 - n j g 1 

* 

.4 i * II 4 ut, \ >0 11 Ld \eTi <ua ^Hq _/Gjo 4j^I^ SjjJa mx/% J! 


p 

*■ Q~ 1 A ^jA 43x1 A jl£\ dXAJ <(JljlLfl jJJ) UA*S iRobillSOIl (JJ ) 

■» 

w 

Rube Goldberg <, >j^ o^li ^ < s^^jl-o 451^-^jo ^Lis 4 a ml 

JjqI t4_ijljJI 4 -JLLaJI i _.(4lxUXo CjLJI £~a I Jus* 4 fl ^ 4dJI cll>l Jjua^ 

^3 ^3-w <Lu^5j 4<n^ll 6 ^-CLculII 4_>J>LJI i_j3Lu»^JI !•% (int ^jOdUaj j-aJI Cj3 ^ 


.LojJjSl ^J^jl - ^Ji li./tl^ 1J^v * d II u" ill! 


cjLujI in%j cjL^-H-xjo ^ya t^3 j % i<0^j J^a3^o td-w a^J dl5 ^1 fl iRobot 

6^3^ 4xjuu Loj^ i^uiuJI 6jlx LfllljLi 4_>jLo d Afl ^ Jj&j 4 v*v vA 1*C 

•J-^ iij jl/j <J-t! 

^Jx • Cj 13jj 1 4X l A.uT>^ ^ V A ./N~ 4_-~.5 ~.j jdc :Robotics oLS^j^jJI fJLc 

4 ,<,;K,H 4 -■■ >»j lij l jC. LjJoj gj I tl^jJI (j\j 

( j*•>>" Ja -.JliJI Jl^aJL k^-i (^jjl :RusseIl’s Paradox iSjtius 

Ujld3xL» Ifl 4nfl^ «lfl aifl\ ^j ^yjJI CjL x^QjrJ.I J^» Lfl3l_» l fl fl SjJLJ a3j 4X 

w 1 

.olx^J.1 Sjjd^. jli3jl Jl J-oilj Jj l^3^j iSjtiil Odtijj SI 


lIjLJLaxo ^jC. jl ^JSLiAi^ft J 4J'bLi. ^yd 


(sJjZz flj^l :Search o^t 
4 VC a U JjIjaD ijjljij < fll ml 


J&\ jJjJI :Second Industrial Revolution 3 ajIUI 4 _> & rih i r> ^) Sj^UI 

. 4j_lLa . Q**l 1 fl *» 

jaj :Second low of thermodynamics LixoLualJ ^LUl j^SlaJI 
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1. My recollections of The Twilight Zone episode are essentially accurate, 
although the gambler is actually a small-time crook named Rocky 
Valentine. Episode 28, “A Nice Place to Visit” (I learned the name of the 
episode after writing the prologue), aired during the first season of The 
Twilight Zone, on April 15, 1960. 

The episode begins with a voice-over: “Portrait of a man at work, 
the only work he’s ever done, the only work he knows. His name is 
Henry Francis Valentine, but he calls himself Rocky, because that’s the 
way his life has been—rocky and perilous and uphill at a dead run all 
the way...” 

While robbing a pawnbroker's shop, Valentine is shot and killed 
by a policeman. When he awakens, he is met by his afterlife guide, Pip. 
Pip explains that he will provide Valentine with whatever he wants. 
Valentine is suspicious, but he asks for and receives a million dollars 
and a beautiful girl. He then goes on a gambling spree, winning at 
the roulette table, at the slot machines, and later, at pool. He is also 
surrounded by beautiful women, who shower him with attention. 

Eventually Valentine tires of the gambling, the winning, and the 
beautiful women. He tells Pip that it is boring to win all the time and 
that he doesn’t belong in Heaven. He begs Pip to take him to “the Other 
Place.” With a malicious gleam in his eye, Pip replies, “This is the Other 
Place!” Episode synopsis adapted from Marc Scott Zicree, The Twilight 
Zone Companion (Toronto: Bantam Books, 1982, 113-115). 

2. What were the primary political and philosophical issues of the 
twentieth century? One was ideological—totalitarian systems of the right 
(fascism) and left (communism) were confronted and largely defeated 
by capitalism (albeit with a large public sector) and democracy. .Another 
was the rise of technology, which began to be felt in the nineteenth 
century and became a major force in the twentieth century 7 . But the 
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issue of “what constitutes a human being” is not yet a primary issue 
(except as it affects the abortion debate), although the past century did 
witness the continuation of earlier struggles to include all members of 
the species as deserving of certain rights. 

3. For an excellent overview and technical details on neural-network pattern 
recognition, see the “Neural Network Frequently Asked Questions” web 
site, edited by W. S. Sarle, at <ftp://ftp.sas.com/pub/neural/FAQ.html>. 
In addition, an article by Charles Arthur, “Computers Learn to See and 
Smell Us,” from Independent, January 16, 1996, describes the ability of 
neural nets to differentiate between unique characteristics. 

4. As will be discussed in chapter 6, “Building New Brains,” destructive 
scanning will be feasible early in the twenty-first century. Noninvasive 
scanning with sufficient resolution and bandwidth will take longer but 
will be feasible by the end of the first half of the twenty-first century. 


1. For a comprehensive overview and detailed references on the big bang 
theory and the origin of the Universe, see “Introduction to Big Bang 
Theory, Bowdoin College Department of Physics and Astronomy at 
<http://www.bowdoin.edu/dept/physics/astro.1997/astro4/bigbang. 
html>. 

Print sources on the big bang theory include: Joseph Silk, A Short 
History of the Universe (New York: Scientific American Library, 1994); 
Joseph Silk, The Big Bang (San Francisco: W. H. Freeman and Company, 
1980); Robert M. Wald, Space, Time & Gravity (Chicago: The University 
of Chicago Press, 1977); and Stephen W. Hawking, A Brief History of 
Time (New York: Bantam Books, 1988). 

2. The strong force holds an atomic nucleus together. It is called “strong” 
because it needs to overcome the powerful repulsion between the 
protons in a nucleus with more than one proton. 

3. The electroweak force combines electromagnetism and the weak 
force responsible for beta decay. In 1968, American physicist Steven 
Weinberg and Pakistani physicist Abdus Salam were successful in their 
unification of the weak force and the electromagnetic force using a 
mathematical method called gauge symmetry. 

4. The weak force is responsible for beta decay and her slow nuclear 

processes that occur gradually 

5. Albert Einstein, Relativity: The Special and the General Theory (New 
York: Crown Publishers, 1961). 

6. The laws of thermodynamics govern how and why energy 7 is transferred. 
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The first law of thermodynamics (Postulated by Hermann von 
Helmholtz in 1847), also called the Law of Conservation of Energy, 
states that the total amount of energy in the universe is constant. 

The second law of thermodynamics (articulated by Rudolf 
Clausias in 1850), also known as the Law of Increasing Entropy, 
states that entropy, or disorder, in the Universe never decreases (and, 
therefore, usually increases). As the disorder in the Universe increases, 
the energy 7 is transformed into less usable forms. Thus the efficiency of 
any process will always be less than 100 percent. 

The third law of thermodynamics (described by Walter Hermann 
Nernst in 1906, based on the idea of a temperature of absolute zero first 
articulated by Baron Kelvin in 1848), also known as the Law of Absolute 
Zero, tells us that all molecular movement stops at a temperature called 
absolute zero, or 0 Kelvin (-273°C). Since temperature is a measure 
of molecular movement, the temperature of absolute zero can be 
approached, but it can never be reached. 

7. “Evolution and Behavior” at <http://ccp.uchicago.edu/-jyin/evolution. 
html> contains an excellent collection of articles and links exploring 
the theories of evolution. Print sources include Edward O. Wilson, 
The Diversity of Life (New York: W. W. Norton & Company, 1993); 
and Stephen Jay Gould, The Book of Life (New York: W. W. Norton & 
Company, 1993). 

8. Four hundred million years ago, vegetation spread from lowland swamps 
to create the first land-based plants. This development permitted 
vertebrate herbivorous animals to step onto land, creating the first 
amphibians. Along with the amphibians, arthropods also stepped onto 
land, some of which evolved into insects. About 200 million years ago, 
dinosaurs and mammals began sharing the same environment. The 
dinosaurs were far more noticeable. Mostly the mammals stayed out of 
the dinosaurs’ way, with many mammals being nocturnal. 

9. Mammals became dominant in the niche of land-based animals after 
the demise of the dinosaurs 65 million years ago. Mammals are the 
more intellectual animal class, distinguished by warm blood, the 
nourishment of their children with maternal milk, hairy skin, sexual 
reproduction, four appendages (in most cases) and, most notably, a 
highly developed nervous system. 

10. Primates, the most advanced mammalian order, were distinguished by 
forward-facing eyes, binocular vision, large brains with a convoluted 
cortex, which permitted more advanced reasoning faculties, and 
complicated social patterns. Primates were not the only intelligent 
animals, but they had one additional characteristic that would hasten 
the age of computation: the opposable thumb. The two qualities heeded 



for the subsequent emergence of technology were now coming into 
place: intelligence and the ability to manipulate the environment. It’s 
no coincidence that fingers are called digits. The origin of the word 
digit, as used in Modern English and appearing first in Middle English, 
is from the Latin word digitus, for “finger” or “toe”; perhaps akin to 
Greek deiknynai, “to show.” 

11. About 50 million years ago, the anthropoid suborder of primates split 
off. Unlike their prosimian cousins, the anthropoids underwent rapid 
evolution, giving rise to advanced primates such as monkeys and apes 
about 30 million years ago. These sophisticated primates were noted 
for subtle communication abilities using sounds, gestures, and facial 
expressions, thereby allowing the development of intricate social 
groups. About 15 million years ago, the first humanoids emerged. 
Although they initially walked on their hind legs, they used the knuckles 
of their front legs for balance. 

12. Although it is worth pointing out that a 2 percent change in a computer 
program can be very significant. 

13. Homo sapiens are the only technology-creating species on Earth today, 
but were not the first such species. Emerging about five million years 
ago was Homo habilis (i.e., “handy” human being), known for his erect 
posture and large brain. He was called handy because he fashioned 
and used tools. Our most direct ancestor, Homo erectus, showed up in 
Africa about two million years ago. Homo erectus was also responsible 
for advancing technology, including the domestication of fire, the 
development of language, and the use of weapons. 

14. Technology emerged from the mists of humanoid history and has 
accelerated ever since. Technologies invented by other human species 
and subspecies included the domestication of fire, tools of stone, 
pottery, clothing, and other means of providing for basic human needs. 
Early humanoids also initiated the development of language, visual art, 
music, and other means for human communication. 

About ten thousand years ago, humans began domesticating 
plants, and soon thereafter, animals. Nomadic hunting tribes began 
settling down, allowing for more stable forms of social organization. 
Buildings were constructed to protect both humans and their farming 
products. More effective means of transportation emerged, facilitating 
the emergence of trade and large-scale human societies. 

The wheel appears to be a relatively recent innovation, with 
the oldest excavated wheels dating from about 5,500 years ago in 
Mesopotamia. Emerging around the same time in the same region were 
rafts, boats, and a system of “cuneiform” inscriptions, the first form of 
written language that we are aware of. 1 



These technologies enabled humans to congregate in large 
groups, allowing the emergence of civilization. The first cities emerged 
in Mesopotamia around 6,000 years ago. Emerging about a millennium 
later were the ancient Egyptian cities, including Memphis and Thebes, 
culminating in the reigns of the great Egyptian kings. These cities 
were constructed as war machines with defensive walls protected by 
armies utilizing weapons drawn from the most advanced technologies 
of their time, including chariots, spears, armor, and bows and arrows. 
Civilization in turn allowed for human specialization of labor through 

a caste system and organized efforts at advancing technology. * An 

■* 

intellectual class including teachers, engineers, physicians, and 
scribes emerged. Other contributions by the early Egyptian civilization 
included a paperlike material manufactured from papyrus plants, 
standardization of measurement, sophisticated metalworking, water 
management, and a calendar. 

More than 2,000 years ago, the Greeks invented elaborate 
machinery with multiple internal states. Archimedes, Ptolemy, and 
others described levers, cams, pulleys, valves, cogs, and other intricate 
mechanisms that revolutionized the measurement of time, navigation, 
mapmaking, and the construction of buildings and ships. The Greeks 
are perhaps best known for their contributions to the arts, particularly 
literature, theater, and sculpture. 

The Greeks were superseded by the superior military technology 7 
of the Romans. The Roman empire was so successful that it produced 
the first urban civilization to experience long-term peace and stability 
Roman engineers constructed tens of thousands of kilometers of 
roads and thousands of public constructions such as administrative 
buildings, bridges, sports stadiums, baths, and sewers. The Romans 
made particularly notable advances in military' technology 7 , including 
advanced chariots and armor, the catapult and javelin, and other 
effective tools of war. 

The fall of the Roman empire around 500 A.D. ushered in the 
misnamed Dark Ages. While progress during the next thousand years 
was slow by contemporary standards, the ever tightening spiral that 
is technological progress continued to accelerate. Science, technology, 
religion, art, literature, and philosophy all continued to evolve in 
Byzantine, Islamic, Chinese, and other societies. Worldwide trade 
enabled a cross-fertilization in technologies. In Europe, for example, 
the crossbow and gunpowder were borrowed from China. The spinning 
wheel was borrowed from India. Paper and printing were developed in 
China about 2,000 years ago and migrated to Europe many centuries 
later. Windmills emerged in several parts of the world, facilitating 





expertise with elaborate gearing machines that would subsequently 
support the first calculating machines. 

The invention in the thirteenth century of a weight-driven clock 
using the cam technology perfected for windmills and waterwheels freed 
society from structuring their lives around the sun. Perhaps the most 
significant invention of the late Middle Ages was Johannes Gutenberg’s 
invention of the movable-type printing press, which opened intellectual 
life beyond an elite controlled by church and state. 

By the seventeenth century, technology had created the means 
for empires to span the globe. Several European countries, inducing 
England, France, and Spain, were developing economies based on far- 
flung colonies. This colonization spawned the emergence of a merchant 
class, a worldwide banking system, and early forms of intellectual 
property protection, including the patent. 

On May 26, 1733, the English Patent Office issued a patent to John 
Kay for his “New Engine for Opening and Dressing Wool.” 

This was good news, for he had plans to manufacture his “flying 
shuttle” and market it to the burgeoning English textile industry. 
Kay’s invention was a quick success, but he spent all of his profits on 
litigation, attempting in vain to enforce his patent. He died in poverty, 
never realizing that his innovation in the weaving of cloth represented 
the launching of the Industrial Revolution. 

The widespread adoption of Kay’s innovation created pressure 
for a more efficient way to spin yarn, which resulted in Sir Richard 
.Arkwright’s Cotton Jenny, patented in 1770. In the 1780s, machines 
were invented to card and comb the wool to feed the new automated 
spinning machines. By the end of the eighteenth century, the English 
cottage industry of textiles was replaced with increasingly efficient 
centralized machines. The birth of the Industrial Revolution led to 
the founding of the Luddite movement in the early 1800s, the first 
organized movement opposing technology. 

15. Primatologist Carl Van Schaik observed that the orangutans of Sumatra’s 
Suaq Balimbing swamp all make and use tools to reach insects, honey, 
and fruit. Though captive orangutans are easily taught to use tools, the 
Suaq primates are the first wild population observed using tools. The 
use of tools may be a result of necessity. Orangutans in other parts of 
the world have not been observed to use tools, basically because their 
food supply is more easily accessible. 

Carl Zimmer, “Tooling Through the Trees.” Discover 16, no.ll 
(November 1995): 46-47. 

Crows fashion tools from sticks and leaves. The tools are used 
for different purposes, are highly predictable in their construction, and 



even have hooks and other mechanisms for finding and manipulating 
insect prey. They often carry these devices when flying and store them 
next to their nests. 

Tina Adler, “Crows Rely on Tools to Get Their Work Done.” Science 
News 149 no. 3 (January 20, 1996): 37. 

Crocodiles can’t grip prey, so they sometimes trap prey between 
rocks and/or roots. The tree root acts to anchor the dead prey while the 
crocodile eats its meal. Some people have attributed the crocodiles use 
of stones and roots as using tools. 

From the “Animal Diversity Web Site” at the University of Michigan's 
Museum of Zoology, <http://www.oit.itd.umich.edu/projects/,ADW/’.> 

16. An animal communicates for a variety of reasons: defense (to signal 
approaching danger to other members of its species), food gathering (to 
alert other members to a food source), courtship and mating (to alert 
members of its desirability and to warn potential competitors away), 
and maintenance of territory. The basic motivation for communication 
is survival of the species. Some animals use communication not only 
for survival, but also to express emotion. 

There are many fascinating examples of animal communication: 

• A female tree frog found in Malaysia uses its toes to tap on 
vegetation, alerting potential mates to her availability. Lori 
Oliwenstein, Fenella Saunders, and Rachel Preiser, “Animals 
1995.” Discover 17, no. 1 (January 1996): 54-57. 

• Male meadow voles (a small rodent) groom themselves in 
order to produce body odors that will attract their mates. 

Tina Adler, “Voles Appreciate the Value of Good Grooming.” 
Science News 149, no. 16 (April 20, 1996): 247. 

•Whales communicate through a series of calls and cries. 

Mark Higgins, “Deep Sea Dialogue.” Nature Canada 26, no. 3 
(Summer 1997): 29-34. 

• Primates, of course, vocalize to communicate a variety 
of messages. One group of researchers studied capuchin 
monkeys, squirrel monkeys, and golden-lion tamarins in 
Central and South America. Often these animals are unable to 
see each other through the forest, so they developed a series 
of calls or trills that would alert members to move toward 
food sources. Bruce Bower, “Monkeys Sound Off, Move Out.” 
Science News 149, no. 17 (April 27, 1996): 269. 

17. Washoe and Koko (male and female gorillas, respectively) are credited 
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with acquiring American Sign Language (ASL). They are the most 





famous of the communicating primates. Viki, a chimpanzee, was taught 
to vocalize three words (mama, papa, and cup). Lana and Kanzi (female 
chimpanzees) were taught to press buttons with symbols. 

Steven Pinker reflects upon researchers’ claims that apes fully 
comprehend sign language. In The Language Instinct: How the 
Mind Creates Language (New York: Morrow, 1994), he notes that the 
apes learned a very crude form of ASL, not the full nuances of this 
language. The signs they learned were crude mimics of the “real thing.” 
In addition, according to Pinker, the researchers often misinterpreted 
apes’ hand motions as actual signs. One researcher on Washoe’s team 
who was deaf noted that other researchers would keep a log of long 
lists of signs, whereas the deaf researcher’s log was short. 

18. David E. Kalish. “Chip Makers and U.S. Unveil Project.” New York Times, 
September 12, 1997. 

19. The chart “The Exponential Growth of Computing, 1900-1998” is based 
on the following data 


Date 

Device 

Add Time 

Calculations 

Cost 

Cost 

CPS/$1000 



(sec) 

per Sec. 

(then 

1998 





(CPS) 

dollars) 

Dollars 


1900 

Analytical Engine 

900E-01 

1.11E-01 

SI.000.000 

$19,087,000 

5.821E-06 

1908 

Hollerith Tabulator 

5.00 E+01 

2.00 E-02 

$9,000 

$154,000 

1.299 E-04 

1911 

Monroe Calculator 

3.00 E+01 

3.33 E-02 

$35,000 

$576,000 

5.787 E-05 

1919 

IBM Tabulator 

5.00 E-00 

2.00 E-01 

$20,000 

$188,000 

1.064 E-03 

1928 

National Ellis 3000 

1.00 E+01 

1.00 E-01 

$15,000 

$143,000 

6.993 E-04 

1989 

Zuse 2 

1.00 E-00 

1.00 E-00 

$10,000 

$117,000 

8.547 E-03 

1940 

Bell Calculator 







Model 1 

3.00 E-01 

3.33 E-00 

$20,000 

$233,000 

1.431 E-02 

1941 

Zuse 3 

3.00 E-01 

3.33 E-00 

$6,500 

$72,000 

4.630 E-02 

1943 

Colossus 

2.00 E-04 

5.00 E+03 

$100,000 

$942,000 

5.308 E-00 

1946 

ENIAC 

2.00 E-04 

5.00 E+03 

$750,000 

$6265.000 

7.981 E-01 

1948 

IBM SSEC 

8.00 E-04 

1.25 E+03 

$500,000 

$3380.000 

3.698 E-01 

1949 

BINAC 

2.86 E-04 

3.50 E+03 

$278,000 

$1903.000 

1.8371 E-00 

1949 

EDSAC 

1.40 E-03 

7.14 E+02 

$100,000 

$684,000 

1.044 E-00 

1951 

Univac 1 

1.20 E-04 

8.33 E+03 

$930,000 

$5827.000 

1.430 E-00 

1953 

Univac 1103 

3.00 E-05 

3.33 E+04 

$895,000 

$5461.000 

6.1041 E-00 

1953 

IBM 701 

3.00 E-05 

1.67 E+04 

$230,000 

$1403.000 

1.181 E+01 

1954 

EDVAC 

9.00 E-04 

1.11 E+03 

$500,000 

$3028.000 

3.669 E-01 

1955 

Whirlwind 

5.00 E-05 

2.00 E+04 

$200,000 

$1216.000 

1.645 E-01 

1955 

IBM 704 

2.40 E-05 

4.17 E+04 

$1994.000 

$12120.000 

3.438 E-00 

1958 

Datamatic 1000 

2.50E-04 

4.00E+03 

$2,179,100 

$12,283,000 

3.257E-01 



1958 

Univac II 

2.00E-04 

5.00E+03 

$970,000 

$5,468,000 

9.144E-01 

1959 

Mobidic 

1.60E-05 

6.25E+04 

$1,340,000 

$7,501,000 

8.332E-00 

1959 

IBM 7090 

4.00E-06 

2.50E+05 

$3,000,000 

$16,794,000 

1.489E+01 

1960 

IBM 1620 

6.00E-04 

1.67E+03 

$200,000 

$1,101,000 

1.514E-00 

1960 

DEC PDP-1 

1.00E-05 

L.00E+O5 

$ 120,000 

$660,000 

1.515E+02 

1961 

DEC PDP-4 

1.00E-05 

1.00E+05 

$65,000 

$354,000 

2.825E+02 

1962 

Univac III 

9.00E-06 

1.11E+05 

$700,000 

$3,776,000 

2.943E+01 

1964 

CDC 6600 

2.00E-07 

5.00E+06 

$6,000,000 

$31,529,000 

1.586E+02 

1965 

IBM 1130 

8.00E-06 

1.25E+05 

$50,000 

$259,000 

4.826E+02 

1965 

DEC PDP-8 

6.00E-06 

1.67E+05 

$18,000 

$93,000 

1.792E+03 

1966 

IBM 360 







Model 75 

8.00E-07 

1.25E+06 

$5,000,000 

$25,139,000 

4.972E+01 

1968 

DEC PDP-10 

2.00E-06 

5.00E+05 

$500,000 

$2,341,000 

2.136E+02 

1973 

Intellec-8 

1.56E-04 

6.41E+03 

$2,398 

$8,798 

7.286E+02 

1973 

Data General Nova 

2.00E-05 

5.00E+04 

$4,000 

$14,700 

3.401E+03 

1975 

Altair 8800 

1.56E-05 

6.41E+04 

$2,000 

$6,056 

1.058E+04 

1976 

DEC PDP-11 







Model 70 

3.00E-06 

3.33E+05 

$150,000 

$429,000 

7.770E+02 

1977 

Cray 1 

1.00E-08 

1.O0E+08 

$10,000,000 $26,881,000 

3.720E+03 

1977 

Apple II 

1.00E-05 

1.00E+05 

$1,300 

$3,722 

2.687E+04 

1979 

DEC VAX 11 







Model 780 

2.00E-06 

5.00E+05 

$200,000 

$449,000 

1.114E+03 

1980 

Sun-1 

3.00E-06 

3.33E+05 

$30,000 

$59,300 

5.621E+03 

1982 

IBM PC 

1.56E-06 

6.41E+05 

$3,000 

$5,064 

1.266E+05 

1982 

Compaq Portable 

1.56E-06 

6.41E+05 

$3,000 

$5,064 

1.266E+05 

1983 

IBM AT-802 86 

1.25E-06 

8.00E+05 

$5,669 

$9,272 

8.628E+04 

1984 

Apple Macintosh 

3.00E-06 

3,33E+05 

$2,500 

$3,920 

8.503E+04 

1986 

Compaq 







Deskpro 386 

2.50E-07 

4.00E+06 

$5,000 

$7,432 

5.382E+05 

1987 

Apple Mac II 

1.00E-06 

1.00E+06 

$3,000 

$4,300 

2.326E+05 

1993 

Pentium PC 

1.00E-07 

1.00E+07 

$2,500 

$2,818 

3.549E+06 

1996 

Pentium PC 

1.00E-08 

1.00E+08 

$2,000 

$2,080 

4.808E+07 

1998 

Pentium II PC 

5.00E-09 

2.00E+08 

$1,500 

$1,500 

1.333E+08 


Cost conversions from dollars in each year to 1998 dollars are based on the ratio of the 
consumer price indices (CPI) for the respective years, based on CPI data as recorded by the 
Woodrow Federal Reserve Bank of Minneapolis. See their web site, <http://woodrow.mpls. frb 

.fed.us/economy/calc/cpihome.html>. 


Charles Babbage designed the Analytical Engine in the 1830s and continued to refine the 
concept until his death in 1871. Babbage never completed his invention. I have estimated a 
date of 1900 for the Analytical Engine as an estimated date for when its mechanical technology 
became feasible, based on the availability of other mechanical computing technology available 
m that time period. ; 



Sources for the chart “The Exponential Growth of Computing, 1900-1998” 
include the following: 

2 5 Years of Computer History 
<http://www.compros.com/timeline.html> 

BYTE Magazine “Birth of a Chip” 
<http://www.byte.com/art/9612/sec6/art2.htm> 
cdc.html@www.city r beach.wa.edu (Stretch) 

<http://www.citybeach.wa.edu.au/lessons/history/video/sunedu/computer/ 
cdc.html> i 

Chronology 7 of Digital Computing Machines 
<http://www.best.com/~wilson/faq/chrono.html> 

Chronology of Events in the History of Microcomputers <http://www3 
.islandnet.com/~kpolsson/comphist/compl 977.htm> 

The Computer Museum History 7 Center 
<http://www.tcm.org/html/histoiy/index.html> 
delan at intopad.eecs.berkeley.edu 
<http://infopad.eecs.berkeley.edu/CIC/summary/delan> 

Electronic Computers Within the Ordnance Corps 
<http://ftp.arl.mil/~mike/comphist/61ordnance/index.html> 

General Processor Information 

<http://infopad.eecs.berkeley.edu/CIC/summary/local/> 

The History of Computing at Los Alamos 

<http://bang.lanl.gov/video/sunedu/computer/comphist.html> 

The Machine Room 

<http://www.tardis.ed.ac.uk/~alexios/MACHINE-ROOM/> 

Mind Machine Web Museum 
<http://userwww.sfsu.edu/~hl/mmm.html> 

Hans Moravec at Carnegie Mellon University: Computer Data <http://www 
.frc.ri.cmu.edu/~hpm/book97/ch3/processor.list> 

PC Magazine Online: Fifteen Years of PC Magazine 
<http://www.zdnet.com/pcmag/special/anniversary/> 

PC Museum 

<http://www.microtec.net/~dlessard/index.html> 

PDP-8 Emulation 

<http://csbh.mhv.net/~mgraffam/emu/pdp8.html> 

Silicon Graphics Webpage press release 

<http://www.pathfinder.com/money/latest/press/PW/1998junl6/270. 

html> 

Stan Augarten, Bit by Bit: An Illustrated History of Computers (New York: 
Ticknor & Fields, 1984). 



International Association of Electrical and Electronics Engineers (IEEE), 

“Annals of the History of the Computer,” vol. 9, no. 2, pp. 150-153 (1987). 

IEEE, vol. 16, no. 3, p. 20 (1994). 

Hans Moravec, Mind Children: The Future of Robot and Human Intelligence 

(Cambridge, MA: Harvard University Press, 1988). 

Rene Moreau, The Computer Comes of Age (Cambridge, MA: MIT Press, 

1984). 

20. For additional views on the future of computer capacity, see: Hans 
Moravec, Mind Children: The Future of Robot and Human Intelligence 
(Cambridge, MA: Harvard University Press, 1988); and “An Interview 
with David Waltz, Vice President, Computer Science Research, NEC 
Research Institute” at Think Quest’s web page <http://tqd.advanced. 
org/2705/waltz.html>. I also discuss this subject in my book The Age 
of Intelligent Machines (Cambridge, MA: MIT Press, 1990), 401-419. 
These three sources discuss the exponential growth of computing. 

21. A mathematical theory concerning the difference between information 
and noise and the ability of a communications channel to carry 
information. 

22. The Santa Fe institute has played a pioneering role in developing 
concepts and technology related to complexity and emergent systems. 
One of the principal developers of paradigms associated with chaos 
and complexity has been Stuart Kauffman. Kauffman’s At Home in 
the Universe: The Search for the Laws of Self-Organization and 
Complexity (Oxford: Oxford University Press, 1995) looks “at the 
forces for order that lie at the edge of chaos” (from the card catalog 
description). 

In his book Evolution of Complexity by Means of Natural 
Selection (Princeton, NJ: Princeton University Press, 1988), John Tyler 
Bonner asks the question: “How is it that an egg turns into an elaborate 
adult? How is it that a bacterium, given many millions of years, could 
have evolved into an elephant?> 

John Holland is another leading thinker from the Sante Fe 
Institute in the emerging field of complexity. His book Hidden Order: 
How Adaptation Builds Complexity (Reading, MA: Addison-Wesley, 
1996) presents a series of lectures that Holland presented at the Santa 
Fe Institute in 1994. 

Also see John H. Holland, Emergence: From Chaos to Order (Reading, MA: 

Addison-Wesley, 1998) and M. Mitchell Waldrop, Complexity: The Emerging 

Science at the Edge of Order and Chaos (New York: Simon and Schuster, 

1992). 



CLiUalo 


++ 

1. In the early 1950s, the chemical composition of DNA was already 
known. At that time, the important questions were: How is the DNA 
molecule constructed? How does DNA accomplish its work? These 
questions would be answered in 1953 by James D. Watson and Francis 
H. C. Crick. 

Watson and Crick wrote “The Molecular Structure of Nucleic Acid: 
A Structure for Deoxyribose Nucleic Acid” published in the April 25, 
1953 issue of Nature. For more information on the race by various 
research groups to discover the molecular structure of DNA, fead 
Watson’s book, The Double Helix (New York: Atheneum Publishers, 
1968). 

2. Translation starts by unwinding a region of DNA to expose its code. A 
strand of messenger RNA (mRNA) is created by copying the exposed 
DNA base-pair codes. The appropriately named messenger RNA 
records a copy of a portion of the DNA letter sequence and travels 
out of the nucleus into the cell body. There the mRNA encounters 
a ribosome molecule, which reads the letters encoded in the mRNA 
molecules and then, using another set of molecules called transfer RNA 
(tRNA), actually builds protein chains one amino acid at a time. These 
proteins are the worker molecules that perform the cell’s functions. For 
example, hemoglobin, which is responsible for carrying oxygen in the 
blood from the lungs to the body’s tissues, is a sequence of 500 amino 
acids. With each amino acid requiring three nucleotide letters, the 
coding for hemoglobin requires 1,500 positions on the DNA molecule. 
Molecules of hemoglobin, incidentally, are created 500 trillion times a 
second in the human body, so the machinery is quite efficient. 

3. The goal of the Human Genome Project is to construct detailed genetic 
sequence maps of the 50,000 to 100,000 genes in the human genome, 
and to provide information about the overall structure and sequence 
of the DNA of humans and of other animals. The project began in the 
mid-1980s. The web site of the Human Genome Project, <http://www. 
nhgri.nih.gov/HGP/>, contains “information on the background of the 
project”, current and future goals, and detailed explanations on the 
structure of DNA. 

4. Thomas Ray’s work is described in an article by Joe Flower, “A Life in 
Silicon.” New Scientist 150, no. 2034 (June 15, 1996): 32-36. Dr. Ray 
also has a web site with updates on his software-based evolution at 
<http://www.hip.atr.co.jp/~ray/>. 

5. A selection of books exploring the nature of intelligence includes: H. 
Gardner, Frames of Mind (New York: Basic Books, 1983); Stephen Jay 


iii 





Gould, The Mismeasure of Man (New York: Basic Books, 1983); R. J. 
Herrnstein and C. Murray, The Bell Curve (New York: The Free Press, 
1994); R. Jacoby and N. Glaubennan, eds., The Bell Curve Debate (New 
York: Times Books, 1995). 

6. To further explore the theories of expansion and contraction of the 
Universe, see: Stephen W. Hawking, A Brief History of Time (New 
York: Bantam Books, 1988); and Eric L. Lerner, The Big Bang Never 
Happened (New York: Random House, 1991). For the latest updates, 
see the International Astronomical Union (IAU) web site at chttp:// 
www.intastun.org/>, as well as the above noted “Introduction tq Big 
Bang Theory” at <http://www.bowdoin.edu/dept/physics/astro.l997/ 
astro4/bigbang.html>. 

7. See chapter 3, “Of Mind and Machines,” including the box “The View 
from Quantum Mechanics.” 

8. Peter Lewis, “Can Intelligent Life Be Found? Gorilla Will Go Looking.” 
New York Times, April 16, 1998. 

9. Voice Xpress Plus from the Dictation Division of Lernout & Hauspie 
Speech Products (formerly Kurzweil Applied Intelligence) allows users 
to give “natural language” commands to Microsoft Word. It also provides 
large-vocabulary continuous-speech dictation. The program is “mode¬ 
less,” so users do not need to indicate when they are giving commands. 
For example, if the user says: “I enjoyed my trip to Belgium last week. 
Make this paragraph four points bigger. Change its font to Arial. I hope 
to go back to Belgium soon.” Voice Xpress Plus automatically determines 
that the second and third sentences are commands and will carry them 
out (rather than transcribing them). It also determines that the first and 
fourth sentences are not commands, and will transcribe them into the 
document. 


1. To learn more about the current state of brain-scanning research, 
the article “Brains at Work: Researchers Use New Techniques to Study 
How Humans Think” by Vincent Kiernan is a good place to begin. This 
article, in the Chronicle of Higher Education (January 23, 1998, vol. 
44, no. 20, pp. A16-17), discusses uses of MRI to map brain activity 
during complex thinking processes. 

“Visualizing the Mind” by Marcus E. Raichle in the April 
1994 Scientific American provides background on various brain¬ 
imaging technologies: MRI, positron emission tomography (PET), 
magnetoencephalography (MEG), and electroencephalography (EEG). 


no 



“Unlocking the Secrets of the Brain” by Tabitha M. Powledge is a 
two-part article in the July-August issue of Bioscience 47 (pp. 330-334 
and 403-409), 1997. 

2. Blood-forming cells of the bone marrow and certain layers of the skin 
grow and reproduce frequently, replenishing themselves in a period 
of months. In contrast, muscle cells do not reproduce for several 
years. Neurons have not been considered to reproduce at all after 
one’s birth, but recent findings indicate the possibility of primate 
neuron reproduction. Dr. Elizabeth Gould of Princeton University 
and Dr. Bruce S. McEwen of Rockefeller University in New York fojund 
that adult marmoset monkeys are able to manufacture brain cells in 
the hippocampus, a brain region that is connected to learning and 
memory. Conversely, when the animals are under stress, the ability 
to manufacture new brain cells in the hippocampus diminishes. This 
research is described in an article by Gina Kolata, “Studies Find Brain 
Grows New Cells,” The New York Times, March 17, 1998. 

Other types of cells will grow and reproduce if necessary. For 
example, if seven-eighths of the liver cells are removed, the remaining 
cells will grow and reproduce until most of the cells are replenished. 
Arthur Guyton, Physiology of the Human Body, fifth edition (Phila., 
PA: W. B. Saunders, 1979): 42-43. 

3. Oppression of human races, nationalities, and other groups has often 
been justified in the same way. 

4. Plato’s works are available in Greek and English in the Loeb Classical 
Library editions. A detailed account of Plato’s philosophy is presented 
in J. N. Findlay, Plato and Platonism: An Introduction. On the dialogues 
as Plato’s chosen form, see D. Hyland’s “Why Plato Wrote Dialogues.” 
Philosophy and Rhetoric 1 (1968): 38-50. 

5. A brief history of logical positivism can be found in A. J. Ayer, Logical 
Positivism (New York: Macmillan, 1959): 3-28. 

6. David J. Chalmers distinguishes “between the easy problems and the 
hard problem of consciousness,” and argues that “the hard problem 
eludes conventional methods of explanation entirely” in an essay 
entitled “Facing Up to the Problem of Consciousness.” Stuart R. 
Hameroff, ed., Toward a Science of Consciousness: The First Tucson 
Discussions and Debates (Complex Adaptive Systems) (Cambridge, 
MA: MIT Press, 1996). 

7. This objective view was systematically defined early in the twentieth 
century 7 by Ludwig Wittgenstein in an analysis of language called logical 
positivism. This philosophical school, which would subsequently 
influence the emergence of computational theory and linguistics, drew 
its inspiration from Wittgenstein’s first major work, the Tractatus 



Logico-Philosophicus. The book was not an immediate hit and it took 
the influence of his former instructor, Bertrand Russell, to secure a 
publisher. 

In a foreshadowing of early computer-programming languages, 
Wittgenstein numbered all of the statements in his Tractatus indicating 
their position in the hierarchy of his thinking. He starts out with 
statement 1: “The world is all that is the case,” indicating his ambitious 
agenda for the book. A typical statement is number 4.0.0.3. 1: “All 
philosophy is a critique of language.” His last statement, number 7, 
is “What we cannot speak about we must pass over in silence.” Those 
who trace their philosophical roots to the early Wittgenstein still regard 
this short work as the most influential work of philosophy of the 
past century. Ludwig Wittgenstein, Tractatus Logico-Philosophicus, 
translated by D. E Pears and B. E McGuiness, Germany, 1921. 

8. In the preface to Philosophical Investigations, translated by G. E. M. 
Anscombe, Wittgenstein “acknowledges” that he made “grave mistakes” 
in his earlier work, the Tractatus. 

9. For a useful overview of Descartes’s life and work, see The Dictionary of 
Scientific Biography, vol. 4, pp. 55-65. Also, Jonathan Ree’s Descartes 
presents a unified view of Descartes’s philosophy and its relation to 
other systems of thought. 

10. Quoted from Douglas R. Hofstadter, Godel, Escher Bach: An Eternal 
Golden Braid (New York: Basic Books, 1979). 

11. “Computing Machinery and Intelligence,” Mind 59 (1950); 433-460, 
reprinted in E. Feigenbaum and J. Feldman, eds., Computers and 
Thought (New York: McGraw-Hill, 1963). 

12. For a description of quantum mechanics, read George Johnson, 
“Quantum Theorists Try to Surpass Digital Computing,” New York 
Times, February 18, 1997. 


1. Simple calculating devices had been perfected almost two centuries 
before Babbage, starting with Pascal’s Pascaline in 1642, which could 
add numbers, and a multiplying machine developed by Gottfried 
Wilhelm Leibniz a couple of decades later. But automating the 
computing of logarithms was far more ambitious than anything that 
had been previously attempted. 

Babbage didn’t get very far—he exhausted his financial resources, 
got into a dispute with the British government over ownership, had 
problems getting the unusual precision parts fabricated, and saw Jiis 
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chief engineer fire all of his workmen and then quit himself. He was 
also beset with personal tragedies, including the death of his father, his 
wife, and two of his children. 

The only obvious thing to do now, Babbage figured, was to 
abandon his “Difference Engine” and embark on something yet more 
ambitious: the world’s first fully programmable computer. Babbage’s 
new conception—the “Analytical Engine”—could be programmed to 
solve any possible logical or computational problem. 

The Analytical Engine had a random-access memory (RAM) 
consisting of 1,000 “words” of 50 decimal digits each, equivalent to 
about 175,000 bits. A number could be retrieved from any location, 
modified, and stored in any other location. It had a punched-card 
reader and even included a printer, even though it would be another 
half century before either typesetting machines or typewriters were to 
be invented. It had a central processing unit (CPU) that could perform 
the types of logical and arithmetic operations that CPUS do today. Most 
important, it had a special storage unit for the software with a machine 
language very similar to those of today’s computers. One decimal field 
specified the type of operation and another specified the address 
in memory of the operand. Stan Augarten, Bit by Bit: An Illustrated 
History of Computers (New York: Ticknor and Fields, 1984): 63-64. 

Babbage describes the features of his machine in “On the 
Mathematical Powers of the Calculating Engine,” written in 1837 
and reprinted as appendix B in Anthony Hymans Charles Babbage: 
Pioneer of the Computer (Oxford: Oxford University Press, 1982). For 
biographical information on Charles Babbage and Ada Lovelace, see 
Hyman’s biography and Dorothy Stein’s book Ada: A Life and a Legacy 
(Cambridge, MA: MIT Press, 1985). 

2. Stan Augarten, Bit by Bit, 63-64. Babbage’s description of the Analytical 
Engine in “On the Mathematical Powers of the Calculating Engine,” 
written in 1837, is reprinted as appendix B in Anthony Hyman’s Charles 
Babbage: Pioneer of the Computer (Oxford: Oxford University Press, 
1982). 

3. Joel Shurkin, in Engines of the Mind, p. 104, describes Aiken’s machine 
as “an electro-mechanical Analytical Engine with IBM card handling.” 
For a concise history of the development of the Mark I, see Augarten’s 
Bit by Bit, 103-107. 1. Bernard Cohen provides a new perspective on 
Aiken’s relation to Babbage in his article “Babbage and .Aiken,” Annals 
of the History of Computing 10 (1988): 171-193. 

4. The idea of the punched card, which Babbage borrowed from the 
Jacquard looms (automatic weaving machines controlled by punched 
metal cards), also survived and formed the basis for automating 
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the increasingly popular calculators of the nineteenth century. This 
culminated in the 1890 U.S. census, which was the first time that 
electricity was used for a major data-processing project. The punched 
card itself survived as a mainstay of computing until the 1970s. 
Turing’s Robinson was not a programmable computer. It didn’t have 
to be—it had only one job to do. The first programmable computer 
was developed by the Germans. Konrad Zuse, a German civil engineer 
and tinkerer, was motivated to ease what he later called those “awful 
calculations required of civil engineers.” Like Babbage’s, his first device, 
the Z-l, was entirely mechanical—built from an erector set it} his 
parents’ living room. The Z-2 used electromechanical relays and was 
capable of solving complex simultaneous equations. It was his third 
version—the Z-3—that is the most historic. It stands as the world’s first 
programmable computer. As one would retroactively predict from the 
Law of Accelerating Returns as applied to computation, Zuse’s Z-3 was 
rather slow—a multiplication took more than three seconds. 

While Zuse received some incidental support from the German 
government and his machines played a minor military role, there was 
little, if any, awareness of computation and its military significance 
by the German leadership. This explains their apparent confidence in 
the security of their Enigma code. Instead the German military gave 
immensely high priority to several other advanced technologies, such 
as rocketry and atomic weapons. 

It would be Zuse’s fate that no one would pay much attention 
to him or his inventions; even the Allies ignored him after the end 
of the war. Credit for the world’s first programmable computer is 
often given to Howard Aiken, despite the fact that his Mark I was not 
operational until nearly three years after the Z-3. When Zuse’s funding 
was withdrawn in the middle of the war by the Third Reich, a German 
officer explained to him that “the German aircraft is the best in the 
world. I cannot see what we could possibly calculate to improve on.” 

Zuse’s claim to having built the world’s first operational fully 
programmable digital computer is supported by the patent application 
he filed. See, for instance, K. Zuse, “Verfahren zur Selbst Atigen 
Durchfurung von Rechnungen mit Hilfe von Rechenmaschinen,” 
German Patent Application Z23624, April 11, 1936. Translated extracts, 
titled “Methods for Automatic Execution of Calculations with the Aid 
of Computers,” appear in Brian Randell, ed., The Origins of Digital 
Computers, pp. 159-166. 

“Computing Machinery and Intelligence,” Mind 59 (1950): 433-460, 
reprinted in E. Feigenbaum and J. Feldman, eds., Computers and 
Thought (New York: McGraw-Hill, 1963). 
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7. See A. Newell, J. C. Shaw, and H. A. Simon, “Programming the Logic 
Theory Machine,” Proceedings of the Western Joint Computer 
Conference, 1957, pp. 230-240: 

8. Russell and Whitehead’s Principia Mathematica (see reference at the 
end of this endnote), first published in 1910-1913, was a seminal work 
that reformulated mathematics based on Russell’s new conception 
of set theory. Russell’s breakthrough in set theory set the stage for 
Turing’s subsequent development of computational theory 7 based 
on the Turing machine (see note below). Following is my version of 
“Russell’s paradox,” which stimulated Russell’s discovery 7 : 

Before ending up in “the Other Place,” our friend the gambler had 
lived a rough life. He was short of temper and not fond of losing. In our 
story, he is also a bit of a logician. This time he has picked the wrong 
man to dispatch. If only he had known that the fellow was the judge’s 
nephew. 

Known anyway as a hanging judge, the magistrate is furious and 
wishes to mete out the most severe sentence he can think of. So he 
tells the gambler that not only is he sentenced to die but the sentence 
is to be carried out in a unique way. “First off, we’re gonna dispense 
with you quickly, just like you done with the victim. This punishment 
must be carried out no later than Saturday. Furthermore, I don’t want 
you preparing yourself for the judgment day. On the morning of your 
execution, you won’t know for certain that the day is at hand. When we 
come for you, it’ll be a surprise.” 

To which the gambler replies, “Well, that’s great, judge, I am 
greatly relieved.” 

To which the judge exclaims, “I don’t understand, how can you be 
relieved? I have condemned you to be executed. I have ordered that the 
sentence be carried out soon, but you'll be unable to prepare yourself 
because on the morning that we carry it out, you won’t know for certain 
that you’ll be dying that day.” 

“Well, Your Honor,” the gambler points out, “in order for your 
sentence to be carried out, I cannot be executed on Saturday.” 

“Why is that?” asks the judge. 

“Because since the sentence must be carried out by Saturday, if we 
actually get to Saturday, 1 will know for certain that I am to be executed 
on that day, and thus it would not be a surprise.” 

“I suppose you are right,” replies the judge. “You cannot be 
executed on Saturday But I still don’t see why you’re relieved." 

“Well, if we have definitely ruled out Saturday, then I can’t be 
executed on Friday either.” 
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“Why is that?” asks the judge, being a little slow. 

“We have agreed that I can’t be executed on Saturday therefore 
Friday is the last day I can be executed. But if Friday rolls around, I will 
definitely know that I am to be executed on that day and therefore it 
would not be a surprise. So I can’t be executed on Friday.” 

“I see,” says the judge. 

“Thus the last day I can be executed would be Thursday But if 
Thursday rolls around, I would know I had to be executed on that day, 
and thus it would not be a surprise. So Thursday is out. By the same 
reasoning, we can eliminate Wednesday, Tuesday, Monday, and tod^y.” 

The judge scratches his head as the confident gambler is led back 
to his prison cell. 

There is an epilogue to the story. On Thursday, the gambler is 
taken to be executed. And he is very surprised. So the judge’s orders 
are successfully carried out. 

This is my version of what has become known as “Russell’s 
paradox” after Bertrand Russell, perhaps the last person to secure 
major achievements in both mathematics and philosophy. If we analyze 
this story, we see that the conditions that the judge has set up result in 
a conclusion that none of the days comply, because, as the prisoner so 
adroitly points out, each one of them in turn would not be a surprise. 
But the conclusion itself changes the situation, and now surprise is 
possible again. This brings us back to the original situation in which 
the prisoner could (in theory) demonstrate that each day in turn would 
be impossible, and so on, ad infinitum. The judge applies “Alexander’s 
solution” in which King Alexander slashed the hopelessly tied Gordian 
knot. 

A simpler example, and the one that Russell actually struggled 
with, is the following question about sets. A set is a mathematical 
construct that, as its name implies, is a collection of things. A set 
may include chairs, books, authors, gamblers, numbers, other sets, 
themselves, whatever. Now consider set A, which is defined to contain 
all sets that are not members of themselves. Does set A contain itself? 

As we consider this famous problem, we realize there are only 
two possible answers: Yes and No. We can, therefore, try them all (this 
is not the case for most problems in mathematics). So let’s consider 
Yes. If the answer is Yes, then set A does contain itself. But if set A 
contains itself, then according to its defining condition, set A would not 
belong to set A, and thus it does not belong to itself. Since the answer 
of Yes led to a contradiction, it must be wrong. 



So let’s try No. If the answer is No, then set A does not contain 
itself. But again according to the defining condition, if set A does not 
belong to itself, then it would belong to set A, another contradiction. As 
with the story r about the prisoner, we have incompatible propositions 
that imply one another. Yes implies No, which yields Yes, and so on. 

This may not seem like a big deal, but to Russell it threatened the 
foundation of mathematics. Mathematics is based on the concept of sets, 
and the issue of inclusion (i.e., what belongs to a set) is fundamental 
to the idea. The definition of set A appears to be a reasonable one. The 
question of whether set A belongs to itself also appears reasonable. 
Yet we have difficulty coming up with a reasonable answer to this 
reasonable question. Mathematics was in big trouble. 

Russell pondered this dilemma for more than a decade, nearly 
exhausting himself and wrecking at least one marriage. But he came up 
with an answer. To do so, he invented the equivalent of a theoretical 
computer (although not by name). Russell’s “Computer 11 is a logic 
machine and it implements one logical transformation at a time, each 
one requiring a quantum of time—so things don’t happen all at once. 
Our question about set A is examined in an orderly fashion. Russell 
turns on his theoretical computer (which, lacking a real computer, ran 
only in his head) and the logical operations are “executed” in turn. So at 
one point, our answer is Yes, but the program keeps running, and a few 
quantums of time later the answer becomes No. The program runs in an 
infinite loop, constantly alternating between Yes and No. 

But the answer is never Yes and No at the same time! 

Impressed? Well Russell was very pleased. Eliminating the 
possibility of the answer being Yes and No at the same time was enough 
to save mathematics. With the help of his friend and former tutor 
Alfred North Whitehead, Russell recast all of mathematics in terms of 
his new theory of sets and logic, which they published in their Principia 
Mathematica in 1910-1913. It is worth pointing out that the concept 
of a computer, theoretical or otherwise, was not widely understood at 
the time. The nineteenth-century efforts of Charles Babbage, which are 
discussed in chapter 4, were largely unknown at the time. It is not clear 
if Russell was aware of Babbage’s efforts. Russell’s highly influential 
and revolutionary work invented a logical theory of computation and 
recast mathematics as one of its branches. Mathematics was now part 
of computation. 

Russell and Whitehead did not explicitly talk about computers but 
cast their ideas in the mathematical terminology of set theory. It was 
left to Alan Turing to create the first theoretical computer in 1936, in 
his Turing machine (see note 16 below). 4 



Alfred N. Whitehead and Bertrand Russell, Principia Mathematica, 
3 vols., second edition (Cambridge: Cambridge University Press, 1925- 
1927). (The first edition was published in 1910, 1912, and 1913.) 

Russell’s paradox was first introduced in Bertrand Russell, 
Principles of Mathematics (Reprint, New York: W. W. Norton & Company, 
1996), 2nd ed., 79-81. Russell’s paradox is a subtle variant of the Liar 
Paradox. See E. W. Beth, Foundations of Mathematics (Amsterdam: 
North Holland, 1959), p. 485. 

9. “Heuristic Problem Solving: The Next Advance in Operations Research,” 
Journal of the Operations Research Society of America 6, no. 1 (1958), 
reprinted in Herbert Simon, Models of Bounded Rationality, vol. 1, 
Economic Analysis and Public Policy (Cambridge, MA: MIT Press, 1982). 

10. “A Mean Chess-Playing Computer Tears at the Meaning of Thought,” 
New York Times, February' 19, 1996, contains the reactions of Gary 
Kasparov and a number of noted thinkers concerning the ramifications 
of Deep Blue beating the world chess champion. 

11. Daniel Bobrow, “Natural Language Input for a Computer Problem 
Solving System,” in Marvin Minsky, Semantic Information Processing, 
pp. 146-226. 

12. Thomas Evans, “A Program for the Solution of Geometric-Analogy 
Intelligence Test Questions,” in Marvin Minsky, ed., Semantic 
Information Processing (Cambridge, MA: MIT Press, 1968), pp. 271- 
353. 

13. Robert Lindsay, Bruce Buchanan, Edward Feigenbaum, and Joshua 
Lederberg describe DENDRAL in Applications of Artificial Intelligence 
for Chemical Inference: The DENDRAL Project (New York: McGraw- 
Hill, 1980). For a brief and clear explanation of the essential mechanisms 
behind DENDRAL, see Patrick Winston, Artificial Intelligence (1984), 
pp. 1637164, 195-197. 

14. For many years SHRDLU was cited as a prominent accomplishment 
of artificial intelligence. Winograd describes his research in his thesis 
Understanding Natural Language (New York: Academic Press, 1972). A 
brief version appears as “A Procedural Model of Thought and Language,” 
in Roger Schank and Kenneth Colby, eds., Computer Models of Thought 
and Language (San Francisco: W. H. Freeman, 1973). 

15. Haneef A. Fatmi and R. W. Young, “A Definition of Intelligence,” Nature 
228 (1970): 91. 

16. Alan Turing showed that the essential basis of computation could be 
modeled with a very simple theoretical machine. He created the first 
theoretical computer in 1936 (first introduced in Alan M. Turing, 
“On Computable Numbers with an Application to the Entschemungs 
Problem,” Proc. London Math, Soc.42 [1936]: 230-265) in an eponymous 



Cjlii j)-~w Ld 


conception called the Turing machine. As with a number of Turing's 
breakthroughs, he would have both the first and last word. The Turing 
machine represented the founding of modern computational theory 7 . 
It has also persisted as out primary 7 theoretical model of a computer 
because of its combination of simplicity and power. 

The Turing machine is one example of the simplicity of the 
foundations of intelligence. A Turing machine consists of two primary 7 
(theoretical) units: a tape drive and a computation unit. The tape drive 
has a tape of infinite length on which it can write, and (subsequently) 
read, a series of two symbols: zero and one. The computation pnit 
contains a program consisting of a sequence of commands, drawing 
from only seven possible operations: 

• Read the tape 

• Move the tape left one symbol 

• Move the tape right one symbol 

• Write 0 on the tape 

• Write 1 on the tape 

• Jump to another command 

• Halt 

Turing was able to show that this extremely simple machine 
can compute anything that any machine can compute, no matter how 
complex. If a problem cannot be solved by a Turing machine, then it 
cannot be solved by any machine. Occasionally there are challenges to 
this position, but in large measure it has stood the test of time. 

In the same paper, Turing reports another unexpected discovery, 
that of unsolvable problems. These are problems that are well defined 
with unique answers that can be shown to exist, but that we can also 
prove can never be computed by a Turing machine—that is to say by any 
machine, yet another reversal of what had been a nineteenth-century 
confidence that problems that could be defined would ultimately be 
solved. Turing showed that there are as many unsolvable problems as 
solvable ones. 

Turing and Alonzo Church, his former professor, went on to assert 
what has become known as the Church-Turing thesis: If a problem that 
can be presented to a Turing machine is not solvable by one, then it is 
also not solvable by human thought. “Strong” interpretations of the 
Church-Turing thesis propose an essential equivalence between what 
a human can think or know and what is computable by a machine. The 
Church-Turing thesis can be viewed as a restatement in mathematical 
terms of one of Wittgenstein's primary theses in his Tractatus. The 
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basic idea is that the human brain is subject to natural law, and thus 
its information-processing ability cannot exceed that of a machine. We 
are thus left with the perplexing situation of being able to define a 
problem, to prove that a unique answer exists, and yet know that the 
answer can never be known. 

Perhaps the most interesting unsolvable problem is called the 
Busy Beaver, which may be stated as follows: Each Turing machine has 
a certain number of commands in its program. Given a positive integer 
n, we construct all of the Turing machines that have n states (i.e., n 
commands). Next we eliminate those n-state Turing machines that get 
into an infinite loop (i.e., never halt). Finally, we select the machine (one 
that halts) that writes the largest number of Is on its tape. The number 
of Is that this Turing machine writes is called busy beaver of n. 

Tibor Rado, a mathematician and admirer of Turing, showed that 
there is no algorithm, (that is, no Turing machine) that can compute 
the busy beaver function for all n’s. The crux of the problem is sorting 
out those n-state Turing machines that get into infinite loops. If we 
program a Turing machine to generate and simulate every 7 possible n- 
state Turing machine, this simulator itself goes into an infinite loop 
when it attempts to simulate one of the n-state Turing machines that 
gets into an infinite loop. Busy beaver can be computed for some ns, 
and interestingly it is also an unsolvable problem to separate those ns 
for which we can determine busy beaver of n from those for which we 
cannot. 

Busy beaver is an “intelligent function.” More precisely stated, 
it is a function that requires increasing intelligence to compute for 
increasing arguments. As we increase n, the complexity' of the processes 
needed to compute busy beaver of n increases. 

With n = 6, we are dealing with addition and busy beaver of 6 equals 
35. In other words, addition is the most complex operation that a Turing 
machine with only 6 steps in its program is capable of performing. At 
7, busy beaver learns to multiply and busy beaver of 7 equals 22,961. 
At 8, busy beaver can exponentiate, and the number of Is that our 
eighth busy beaver writes on its tape is approximately 1043. Note that 
this is even faster growth than Moore’s Law. By the time we get to 10 
we need an exotic notation in which we have a stack of exponents (10 
to the 10 to the 10, etc.), the height of which is determined by another 
stack of exponents, the height of which is determined by another stack 
of exponents, and so on. For the twelfth busy beaver we need an even 
more exotic notation. Human intelligence (in terms of the complexity 
of mathematical operations that we can understand) is surpassed well 
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before the busy beaver gets to 100. The computers of the twenty-first 
century will do a bit better. 

The busy beaver problem is one example of a large class of 
noncomputable functions, as one can see from Tibor Rado, “On 
Noncomputable Functions,” Bell System Technical Journal 41, no. 3 
(1962): 877-884. 

17. Raymond Kurzweil, The Age of Intelligent Machines (Cambridge, MA: 
MIT Press, 1990), pp. 132-133. 

18. H. J. Berliner, “Backgammon Computer Program Beats World 
Champion,” Artificial Intelligence 14, no. 1 (1980). Also see JJans 
Berliner, “Computer Backgammon,” Scientific American, June 1980. 

19. To download Ray Kurzweil’s Cybernetic Poet (RKCP), go to: <http:// 
www.kurzweiltech.com>. RKCP is further discussed in the section The 
Creative Machine in chapter 8, “1999.” 

20. See the discussion on these music composition programs in the section 
The Creative Machine in chapter 8, “1999.” 

21. See W. S. Sarle, ed., “Neural Network Frequently Asked Questions,” 
<ftp://ftp.sas.com/pub/neural/FAQ.html>. This web site has, 
numerous resources on past and current research on neural nets. 
G. E. Hinton’s “How Neural Networks Learn from Experience,” in the 
September 1992 issue of Scientific American (144-151), also provides 
a good introduction to neural networks. 

22. Researchers at the Productivity from Information Technology (PROFIT) 
Initiative at MIT have studied the effectiveness of neural networks in 
understanding handwriting. 

The PROFIT Initiative is based at MIT’s Sloan School of Management. 
The mission of the initiative is to study how the private and public 
sectors use information technology. Abstracts of working papers on 
this and other research on neural networks and data mining can be 
found at <http://scanner-group.mit.edu/papers.html>. 

23. “Miros, Inc. is located in Wellesley, Massachusetts, and specializes in 
providing face recognition software. Miros I products include Trueface 
PC, the first face recognition solution for computer, network and data 
security; and Trueface Gatewatch, a complete hardware/software 
security solution that allows or denies access to buildings and rooms 
by automatically recognizing a person’s face taken by a video camera.” 
From Miros Company Information at <http://www.miros.com/About_ 
Miros.htm>. 

24. For more information on Brainmaker’s aptitude to diagnose illnesses, 
and to predict the Standard and Poor 500 for LBS Management, see 
California Scientific’s home page at <http://www.calsci.com/>. 



25. The reset time stated here is an estimated average for neural connection 
calculations. For example, Vadim Gerasimov estimates the peak firing 
frequency of neurons (which significantly exceeds the average rate) to 
be 250-2,000 Hz (0.5-4 ms intervals) in “Information Processing in the 
Human Body” at <http://vadim.www.media.mit.edu/MAS862/Project. 
html>. The firing time is affected by a number of variables, including, 
for example, the level and duration of a sound, as discussed in Jos. 
J. Eggermont, “Firing Rate and Firing Synchrony Distinguish Dynamic 
from Steady State Sound,” Neuroreport 8, issue 12, 2709-2713. 

26. Hugo de Garis maintains a web site on his research for ATRS Brain 
Builder Group at <http://www.hip.atr.co.jp/-degaris/>. 

27. For an intriguing account of this research, read Carver Mead, Analog 
VSLI and Neural Systems (Reading, MA: Addison-Wesley, 1989), 257- 
278. Synaptics is briefly highlighted in Carol Levin, “Here’s Looking at 
You,’ 1 PC Magazine (December 20, 1994): 31. Carver Mead’s web site 
also provides detailed information on this research at the “Physics 
of Computation-Carver Mead’s Group” at <http://www.pcmp.caltech. 
edu/>. 

28. The SETI (Search for Extraterrestrial Intelligence) Institute conducts 
research on other signs of life in the Universe, its primary goal being 
the search for extraterrestrial intelligence. The institute is a nonprofit 
research organization, funded by government agencies, private 
foundations, and individuals, which in turn provides funding for several 
dozen projects. For more information, see the SETI Institute web site, 
<http://www.seti.org>. 

29. The author is dictating portions of this book to his computer through 
the continuous speech recognition program called Voice Xpress Plus 
from the dictation division of Lernout & Hauspie (formerly Kurzweil 
Applied Intelligence). See note 9 on Voice Xpress Plus in chapter 2 for 
more information. 

30. To find out more on State Street Global Advisor’s purchase in a 
majority stake in Advanced Investment Technology, read Frank Byrt, 
“State Street Global Invests in Artificial Intelligence.” Dow Jones 
Newswires, October 29, 1997. The genetic algorithm system used by 
the AIT Vision mutual fund is described in S. Mahfoud and G. Mani, 
“Financial Forecasting Using Genetic Algorithms.” Applied Artificial 
Intelligence 10 (1996): 543-565. The AIT Vision mutual fund opened at 
the beginning of 1996 and has publicly available performance numbers. 
In its first full calendar year (1996), the mutual fund increased 27.2 
percent in net asset value, compared to 21.2 percent for its benchmark, 
the Russell 3000 index. 



It should be noted that outperforming its benchmark index does 
not in itself prove a superior level of decision making. The algorithm 
may have been making higher-risk investments (on average) than the 
average in the index. 

31. There are many online resources on evolutionary computation 
and evolutionary and genetic algorithms. One of the best is “The 
Hitchhiker’s Guide to Evolutionary Computation: A List of Frequently 
Asked Questions (FAQ),” edited by Jorg Heitkotter and David Beasley 
at <http://www.cs.purdue.edu/coast/archive/clife/FAQ/www/>. This 
guide includes everything from a glossary to links to various research 
groups. 

Another helpful online resource is the web site for the Santa Fe 
Institute. The institute’s web site can be accessed at <http://www. 
santafe.edu>. 

For an offline introduction to genetic algorithms, read John 
Holland’s article "Genetic Algorithms,” Scientific American 267, no. 1 
(1992): 66-72. As mentioned in note 22 in chapter 1, Holland and his 
colleagues at the University of Michigan developed genetic algorithms 
in the 1970s. 

For more information on the use of genetic algorithm technology 
to manage the development and manufacturing of Volvo trucks, read 
Srikumar S. Rao, “Evolution at Warp Speed,” Forbes 161, no. 1 (January 
12, 1998): 82-83. 

See also note 22 on complexity in chapter 1. 

32. See “Information Processing in the Human Body,” by Vadim Gerasimov, 
at <http://vadim.www.media.mit.edu/MAS862/Project.html>. 

33. See “Information Processing in the Human Body,” by Vadim Gerasimov, 
at <http://vadim.www.media.mit.edu/MAS862/Project.html>. 

34. I founded Kurzweil Applied Intelligence (Kurzweil AI) in 1982. The 
company is now a subsidiary of Lernout & Hauspie Speech Products 
(L&H), an international leader in the development of speech and 
language technologies and related applications and products. For more 
information about these speech recognition products, see <http:// 
www.lhs.com/dictation/>. 
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1. Victor L. Yu, Lawrence M. Fagan, S. M. Wraith, William Clancey, A. 
Carlisle Scott, John Hannigan, Robert Blum, Bruce Buchanan, and 
Stanley Cohen, “Antimicrobial Selection by Computer: A Blinded 
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Evaluation by Infectious Disease Experts,” Journal of the American 
Medical Association 242, no. 12 (1979): 1279-1282. 

2. For an introduction to the development of expert systems and their use 
in various companies, read: Edward Feigenbaum, Pamela McCorduck, 
and Penny Nii, The Rise of the Expert Company (Reading, MA: Addison- 
Wesley, 1983). 

3. William Martin, Kenneth Church, and Ramesh Patil, “Preliminary Analysis 

of a Breadth-First Parsing Algorithm: Theoretical and Experiential 
Results.” MIT Laboratory for Computer Science, Cambridge MA, 1981. 
In this document, Church cites the synthetic sentence: * 

“It was the number of products of products of products of 
products of products of products of products of products?” as 
having 1,430 syntactically correct interpretations. 

He cites the following sentence: 

“What number of products of products of products of products 
of products of products of products of products was the 
number products of products of products of products of 
products of products of products of products?” as having 
1,430x 1,430 = 2,044,900 interpretations. 

4. These and other theoretical aspects of computational linguistics are 
covered in Mary D. Harris, Introduction to Natural Language Processing 
(Reston, VA: Reston Publishing Co., 1985). 
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1. Hans Moravec is likely to make this argument in his 1998 book Robot: 
Mere Machine to Transcendent Mind (Oxford University Press; not yet 
available as of this writing). 

2. One hundred fifty million calculations per second for a 1998 personal 
computer doubling twenty-seven times by the year 2025 (this 
assumes doubling both the number of components, and the speed 
of each component every two years) equals about 20 million billion 
calculations per second. In 1998, it takes multiple calculations on a 
conventional personal computer to simulate a neural-connection 
calculation. However, computers by 2020 will be optimized for the 
neural-connection calculation (and other highly repetitive calculations 
needed to simulate neuron functions). Note that neural-connection 
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calculations are simpler and more regular than the general-purpose 
calculations of a personal computer. 

3. Five billion bits per $1,000 in 1998 will be doubled seventeen times by 
2023, which is about a million billion bits for $1,000 in 2023. 

4. NEC’s goals to build a supercomputer with a maximum performance 
of more than 32 teraflops is chronicled in “NEC Begins Designing 
World’s Fastest Computer,” Newsbytes News Network, January 
21, 1998, located online at <http://www.nb-pacifica.com/headllne/ 
necbegins de signingwo _ 12 08. sht ml>. 

In 1998, IBM was one of four companies chosen to participate in 
Pathforward, an initiative from the Department of Energy to develop 
supercomputers for the twenty-first century. Other companies involved 
in the project are Digital Equipment Corporation; Sun Microsystems, Inc.; 
and Silicon Graphics/Cray Computer Systems (SGI/Cray). Pathforward 
is part of the Accelerated Strategic Computing Initiative (ASCI). For 
more information on this initiative, see <http://www.llnl.gov/asci>. 

5. By harnessing the accelerating improvement in both density of 
components and speed of components, computer power will double 
every twelve months, or a factor of one thousand every ten years. Based 
on the projection of $1,000 of computing being equal to the estimated 
processing power of the human brain (20 million billion calculations per 
second) by the year 2020, we get a projection of $1,000 of computing 
being equal to a million human brains in 2040, a billion human brains 
in 2050, and a trillion human brains in 2060. 

6. By 2099, $1,000 of computing will equal 1024 times the processing 
power of the human brain. Based on an estimate of 10 billion persons, 
that is 1014 times the processing power of all human brains. Thus one 
penny of computing will equal 109 (one billion) times the processing 
power of all human brains. 

7. In the Punctuated Equilibrium theories, evolution is seen to progress 
in sudden leaps followed by periods of relative stability. Interestingly, 
we often see similar behavior in the performance of evolutionary 
algorithms (see chapter 4). 

8. Dean Takahashi, “Small Firms Jockeying for Position in 3D Chip 
Market,” Knight-Ridder/Tribune News Service, September 21, 1994, 
p. 0921K4365. 

9. The entire February 1998 issue of Computer (vol. 31, no. 2) explores 
the status of optical computing and optical storage methods. 

Sunny Bains writes of companies using optical computing for 
fingerprint recognition and other applications in “Small, Hybrid Digital/ 
Electronic Optical Correlators Ready to Power Commercial Products: 
Optical Computing Comes into Focus.” EE Times, January 26, 19'98, 
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issue 990. This article is online at <http://www.techweb.com/se/ 
directlink.cgi?EET 19980126S0019>. 

10. For a nontechnical introduction to DNA computing, read Vincent 
Kiernan, “DNA-Based Computers Could Race Past Supercomputers, 
Researchers Predict,” in the Chronicle of Higher Education (November 
28, 1997). Kiernan discusses the research of Dr. Robert Corn from the 
University of Wisconsin as well as the research of Dr. Leonard Adleman. 
The article can be accessed online at <http://chronicle.com/data/ 
articles.dir/art-44.dir/issue-14.dir/l 4ao2301:htm>. 

Research at the University of Wisconsin can be accessed online at 
<http://corninfo.chem.wisc.edu/writings/DNACOMPUTING.html>. 

Leonard Adlenians “Molecular Computation of Solutions to 
Combinatorial Problems” from the November 11, 1994, issue of Science 
(vol. 266, p 1021) provides a technical overview of his design of DNA 
programming for computers. 

11. Lambertus Hesselink’s research is reported by Phillip F. Schewe and Ben 
Stein in Physics News Update (no. 219; March 28,1995). The description 
is available online at <http://www.aip.org/enews/physnews/1995/ 
split/pnu219-2.htm>. 

12. For information on nanotubes and buckyballs, read Janet Rae-Dupree’s 
article “Nanotechnology 7 Could Be Foundation for Next Mechanical 
Revolution,” Knight-Ridder/Tribune News Service, December 17, 
1997, p. 1217K1133. 

13. 13 Dr. Sumio Iijima’s research on nanotubes is summarized in the 
following article at the NEC site, <http://www.labs.nec.co.jp/rdletter/ 
letterO 1/index 1 .html>. 

14. The research of Isaac Chuang and Neil Gershenfeld is reported in “Cue the 
Qubits: Quantum Computing,” The Economist 342, no. 8005 (February 7 
22,1997): 91-92; and in an article by Dan Vergano, “Brewing a Quantum 
Computer in a Coffee Cup,” Science News 151, no. 3 (January 7 18, 1997): 
37. More technical details and a list of Chuang and Gershenfeld's 
publications can be found at the Physics and Media Group/MIT Media 
Lab <http://physics.www.media.mit.edu/publications/> and at the Los 
Alamos National Laboratory <http://qso.lanl.gov/qc/>. 

Other groups working on quantum computation include the 
Information Mechanics group at MIT’s Lab for Computer Science 
<http://www-im.lcs.mit.edu/> and the Quantum Computation Group 
at IBM <http://www.research.ibm.com/quantuminfo/>. 

15. “Student Cracks Encryption Code,” USA Today Tech Report, September 
2, 1997. 

16. Mark Buchanan, “Light’s Spooky Connections Set Distance Record,” 

New Scientist, June 28, 1997. 1 
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17. Roger Penrose, The Emperor’s New Mind (New York: Penguin USA, 
1990). 

18. To understand the concept of tunneling, it is important to understand 
how transistors on an integrated circuit chip work. An integrated 
chip is engraved with circuits comprised of thousands or millions of 
transistors, which electronic devices use to control the flow of electricity. 
Transistors are made up of a small block of a semiconductor, a material 
that acts as both an insulator and a conductor of electricity. The first 
transistors were comprised of germanium and were later replaced with 
silicon. 

Transistors work by holding a pattern of electric charge, allowing 
that pattern of charge to change millions of times every second. 
Tunneling refers to the ability' of electrons (small particles that circle 
around the nucleus of an atom) to move or “tunnel” through the silicon. 
Electrons are said to tunnel through the barrier as a result of the 
quantum uncertainty as to which side of the barrier they are actually 
on. 

19. Knowledge chunks would be greater than the number of distinct words 
because words are used in more than one way and with more than one 
meaning. Each different word meaning or usage is often referred to as 
a word “sense.” it is likely that Shakespeare used more than 1 00,000 
word senses. 

20. Quoted from Douglas R. Hofstadter, Godel, Escher Bach: An Eternal 
Golden Braid (New York: Basic Books, 1979). 

21. Michael Winerip, “Schizophrenia’s Most Zealous Foe,” New York 
Sunday Times, February 22, 1998. 

22. The goal of the Visible Human Project is to create highly detailed three- 
dimensional views of the male and female human body. The project 
is collecting transverse CT, MRI, and cryosection images. The web site 
is located at <http://www.nlm.nih.gov/research/visible/visible_human 
.html>. 

23. Researchers Mark Habener, Doron Shoham, Amiram Grinvald, and 
Tobias Bonhoeffer published their experiments on optical imaging in 
“Spatial Relationships among Three Columnar Systems in Cat Area 17,” 
Journal of Neuroscience 17 (1997): 9270-9284. 

More information on this and other brain-imaging research is 
located at the Weizmann Institute’s web site <http://www.weizmann. 
ac.il> and at Amiram Grinvald's web site <http://www.weizmann.ac.il/ 
brain/grinvald/grinvald.htm>. 

24. The work of Dr. Benebid and other researchers is summarized in an 
online article, “Neural Prosthetics Come of Age as Research Continues,” 
by Robert Finn, The Scientist II, no. 19 (September 29, 1997): 13/16. 
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This article may be found at <http://www.the-scientist.library.upenn. 
edu/yrl997/sept/research_970929.html>. 

25. From an April 1998 phone interview by the author with Dr. Trosch. 

26. Dr. Rizzo’s research is also reviewed in Firm’s article, “Neural Prosthetics 
Come of Age as Research Continues.” 

27. To read more about the “neuron transistor,” visit the web site of the 
Membrane and Neurophysics Department at the Max Planck Institute 
for Biochemistry <http://mnphys.biochem.mpg.de/>. 

28. Robert Finyi, “Neural Prosthetics Come of Age as Research Continues.” 

29. Carver Mead’s research is described at <http://www.pcmp.caltech 
.edu/>. 

30. W. B. Yeats, “Sailing to Byzantium,” from Selected Poems and Two 
Plays of William Butler Yeats, edited by M. L. Rosenthal (New York: 
Macmillan, 1966). 
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1. Herbert Dreyfus is well known for his critique of artificial intelligence 
in his book What Computers Can’t Do: The Limits of Artificial 
Intelligence (New York: Harper and Row, 1979). Other theorists who 
may be considered to support the mind-beyond-machine perspective 
include J. R. Lucas and John Searle. See J. R. Lucas’s “Minds, Machines 
and Godel,” Philosophy 36 (1961): 120-124; and John Searle’s “Mind, 
Brains, and Programs,” The Behavioral and Brain Sciences 3 (1980): 
417-424. Also, see Searle’s more recent book The Rediscovery of the 
Mind (Cambridge, MA: MIT Press, 1992). 

2. “Researchers led by Dr. Clifford Steer at the University of Minnesota 
Medical School report in the current Nature Medicine that they have 
eliminated the need for viruses by harnessing the body’s own genetic 
repair processes. In a landmark proof-of-concept experiment, the 
Minnesota team permanently altered a blood-clotting gene in 40 
percent of the liver cells in a group of rats. The researchers started 
by splicing their DNA patch into a slip of RNA. Then they encased the 
hybrid molecule in a protective coating, laced it with sugars that seek 
out liver cells, and injected it into lab rats. True to plan, the hybrid 
molecules zeroed in on the targeted gene and lined up alongside it. An 
enzyme in the rats’ own liver cells did the rest: Whenever it spotted a 
mismatched DNA, it simply removed the offending DNA and stitched 
in a replacement. Now the trick is to show that it will work with other 
tissues—and other species.” From “DNA Therapy: The New, Virus-Free 
Way to Make Genetic Repairs." Time, March 16, 1998. 


nr 



3. Hans Moravec, Mind Children: The Future of Robot and Human 
Intelligence (Cambridge, MA: Harvard University Press, 1988), p. 108. 

4. Ralph Merkle’s comments on nanotechnology can be found in an 
overview at his web site at the Xerox Palo Alto Research Center 
<http://sandbox .xerox.com/nano>. His site contains links to important 
publications on nanotechnology, such as Richard Feynman’s 1959 talk 
and Eric Drexler’s dissertation, as well as links to various research 
centers that focus on nanotechnology. 

5. Richard Feynman presented these ideas on December 29, 1959, at 
the annual meeting of the American Physical Society at the California 
Institute of Technology' (Cal Tech). His talk was first published in the 
February 1960 issue of Cal Tech’s Engineering and Science. This article 
is available online at <http://nano.xerox.com/nanotech/feynman. 
html>. 

6. Eric Drexler, Engines of Creation (New York: Anchor Press/Doubleday, 
1986). The book is also accessible online from the Xerox nanotechnology' 
site <http://sandbox.xerox.com/nano> and also from Drexler’s web site 
at the Foresight institute <http://www.foresight.org/EOC/index.html>. 

7. Eric Drexler, Nanosystems: Molecular Machinery, Manufacturing, and 
Computation (New York: John Wiley and Sons, 1992). 

8. According to Nanothinc’s web site <http://www.nanothinc.com/>, 
“Nanotechnology, broadly defined to include a number of nanoscale- 
related activities and disciplines, is a global industry in which more 
than 300 companies generate over $5 billion in annual revenues today— 
and $24 billion in 4 years.” Nanothinc includes a list of companies and 
revenues upon which the figure is based. Some of the nanoapplications 
generating revenues are micromachines, microelectromechanical 
systems, autofabrication, nanolithography, nanotechnology tools, 
scanning probe microscopy, software, nanoscale materials, and 
nanophase materials. 

9. Richard Smalley’s publications and work on nanotechnology can 
be found at the web site for the Center for Nanoscale Science and 
Technology' at Rice University <http://cnst.rice.edu/>. 

10. For information on the use of nanotechnology' in creating IBM’s 
corporate logo, read Faye Flam, “Tiny Instrument Has Big Implications.” 
Knight-Ridder/Tribute News Service, August 11, 1997, p, 811K7204. 

11. Dr. Jeffrey Sampsell at Texas Instruments has written a white paper 
summarizing research on micromirrors, available at <http://www. 
ti.coni/dlp/docs/it/resources/white/overview/over.shtmlx 

12. A description of the flying machines can be found at the web site of the 
MEMS (Microelectromechanical Systems) and Fluid Dynamics Research 
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Group at the University of California at Los Angeles (UCLA) <http:// 
ho.seas.ucla.edu/new/main.htm>. 

13. Xerox’s nanotechnology research is described in Brian Santo, “Smart 
Matter Program Embeds Intelligence by Combining Sensing, Actuation, 
Computation-Xerox Builds on Sensor Theory 7 for Smart Materials.” 
EETimes (March 23, 1998):129. More information on this research 
can be found at the web site for the Smart Matter Research Group at 
Xerox’s Palo Alto Research Center at <http://www.parc.xerox.com/spl/ 
projects/smart-matter/>. 

14. For information on the use of nanotechnology in creating the nanoguitar, 
read Faye Flar, “Tiny Instrument Has Big Implications.” Knight-Ridder/ 
Tribune News Service. 

15. Learn more about the Chelyabinsk region by visiting the web site 
dedicated to helping the people living in that area at <http://www 
.logtv .com/chelya/chel.html>. 

16. For more about the story' behind Space War, see “A History of Computer 
Games,” Computer Gaming World (November 1991): 16-26; and Eric 
S. Raymond, ed., New Hacker’s Dictionary (Cambridge, MA: MIT 
Press, 1992). Space War was developed by Steve Russell in 1961 and 
implemented by him on the PDP-1 at MIT a year later. 

17. Medical Learning Company is a joint venture between the American 
Board of Family Practice (an organization that certifies the sixty 
thousand family practice physicians in the United States) and Kurzweil 
Technologies. The goal of the company is to develop educational 
software for continuing medical education of physicians as well as 
other markets. A key aspect of the technology will include an interactive 
simulated patient that can be examined, interviewed, and treated. 

18. Hall’s Utility Fog concept is described in J. Storrs Hall, “Utility Fog 
Part I,” Extropy, issue no. 13 (vol. 6, no. 2), third quarter 1994; and J. 
Storrs Hall, “Utility Fog Part 2,” Extropy, issue no. 14 (vol. 71, no. 1), 
first quarter 1995. Also see Jim Wilson, “Shrinking Micromachines: A 
New Generation of Tools Will Make Molecule-Size Machines a Reality” 
Popular Mechanics 174, no. 11 (November 1997): 55-58. 

19. Mark Yim, “Locomotion with a Unit-Modular Reconfigurable Robot,” 
Stanford University Technical Report STAN-CS-TR-95-1536. 

20. Joseph Michael, UK Patent #94004227.2. 

21. For examples of early “prurient” text publications, see A History of 
Erotic Literature by Patrick J. Kearney (Hong Kong, 1982); and History 7 
Laid Bare by Richard Zachs (New York: Harpercollins, 1994). 
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Browne, New York Times, March 10, 1998. Also see 1. Fried (with C. L. 
Wilson, K. A. MacDonald, and E. J. Behnke), “Electric Current Stimulates 
Laughter,” Scientific Correspondence 391: 650, 1998. 

25. K. Blum et al., “Reward Deficiency Syndrome,” American Scientist, 
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company in Baltimore, Maryland. The founder, CEO, and principal 
developer of the technology is Dr. Geoff Wright, who is head of computer 
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27. For details about Dr. Benson’s work, see his book The Relaxation 
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1. The U.S. Federal Government Gateway for Year 2000 Information 

Directories, at <http://www.itpolicy.gsa.gov/mks/yT2000/y2khome 
.htm>, contain a number of links to web pages devoted to Y2K issues. 
There are also many discussion groups on the Web about the Y2K topic. 
Simply do a search for “Y2K discussion” using a search engine such as 
Yahoo (www.yahoo.com) to find a number of web pages devoted to this 
subject. 

2. David Cope talks about his EMI program in his book Experiments in 
Musical Intelligence (Madison, WI: A-R Editions, 1996). EMI is also 
discussed in Margaret Boden “Artificial Genius,” Discover magazine, 
October 1996. 

3. For more about the Improvisor program, see Margaret Boden, “Artificial 
Genius,” Discover magazine, October 1996. The article addresses 
the question of who is the actual creator of original art produced by 
computer programs—the developer of the program or the program 
itself? 

4. Laurie Flynn, “Program Proves Bad Puns Not Limited to Humans,” New 
York Times, January 3, 1998. 

5. “Paramind copies any text you type or paste into its screen and 
systematically merges your text with new words. The words are all 
related, such as adjectives related to sight, or adverbs related to walking. 
In the text that you type or paste in, a word or two is selected where 
these new words will fit in, in the way that you want. The result is a 
new listing of your idea changed in several fascinating ways.” From the 



Paramind Brainstorming Software web page at <http://www .paramind. 
net/>. For more information about other computer writing programs, 
see Marius Watz’s web page called Computer Generated Writing at 
<http://www.notam.uio.no/~mariusw/c-g.writing/>. 

6. More information on BRUTUS. 1 Story Generator and its inventors can 
be found at <http://www.rpi.edu/dept/ppcs/BRUTUS/brutus.html>. 

7. Ray Kurzweil’s Cybernetic Poet (RKCP) is a software program designed 
by Ray Kurzweil and developed by Kurzweil Technologies. You can 
download a copy of the program at <http://www.kurzweiltech.com>. 

8. For examples of Mutator’s artistic creations, visit the web sitq of 
Computer Artworks at <http://www.artworks.co.uk/welcome.htm>. 

Karl Sims has written several articles about his work, including 
“Artificial Evolution for Computer Graphics,” Computer Graphics 25, 
no. 4 (July 1991): 319-328. 

9. Drawings and paintings by Aaron, Harold Cohen’s cybernetic artist, 
have hung at London’s Tate Gallery, Amsterdam’s Stedelijk Museum, 
the Brooklyn Museum, the San Francisco Museum of Modern Art, the 
Washington Capitol Children’s Museum, and others. 

10. Harold Cohen, “How to Draw Three People in a Botanical Garden,” AAAI- 
88, Proceedings of the Seventh National Conference on Artificial 
Intelligence, 1988, pp. 846-855. Some of the implications of Aaron are 
discussed in Pamela McCorduck, “Artificial Intelligence: An Apercu,” 
Daedalus, Winter 1988, pp. 65-83. 

11. A list of sites on Cohen’s Aaron can be found at <http://www.umcs. 
maine.edu/~larry/latour/aaron.html>. Also see Harold Cohen’s article 
in “Constructions of the Mind” at <http://shr.stanford.edu/shreview/ 
4-2 /text/cohen. html>. 

12. Raymond Kurzweil, The Age of Intelligent Machines (Cambridge, MA: 
MIT Press, 1990). Also see the publications section at the web site for 
Kurzweil Technologies at <http://www.kurzweiltech.com> and the 
publications section at the web site for Kurzweil Educational Systems 
at <http://www.kurzweiledu.com>. 

13. Venture capital refers to funds available for investment by organizations 
that have raised pools of capital specifically to invest in companies, 
primarily new ventures. Angel capital refers to funds available for 
investment by networks of wealthy investors who invest in start-up 
companies. In the United States, both venture and angel capital have, 
emphasized high-technology investments. 

14. For a comprehensive list of available speech- and face-recognition 
products and research projects, go to The Face Recognition Home Page 
at <http://cherry.kist.re.kr/center/html/sites.html>. 



oUo^rk.Lo 


15. For an excellent overview of this subject, see “The Intelligent Vehicle 
Initiative: Advancing “Human-Centered> Smart Vehicles,” by Cheryl 
Little of the Volpe National Transportation Systems Center. This article 
is available through the Turner-Fairbank Highway Research Center 
web page at <http://www.tfhrc.gov/pubrds/pr97-10/pl8.htm>. For 
details about the tests on Interstate 15 in California, go to National 
AHS Consortium Home Page at <http://monolith-mis.com/ahs/default. 
htm>. 

16. For example, Voice Xpress Plus, from the dictation division of 
Lernout & Hauspie (formerly Kurzweil Applied Intelligence), combines 
large-vocabulary, continuous speech recognition for dictation, with 
natural-language understanding for commands. Continuous speech 
recognition without natural-language understanding (as of 1998) is also 
available from Dragon System’s Naturally Speaking and IBM’s Viavoice. 

17. Examples of translation products include Langenscheidt’s T1 
Professional from Gesellschaft far Multilinguale Systeme, a division of 
Lernout & Hauspie Speech Products; Globalink Power Translator; and 
SYSTRAN Classic for Windows. 

18. Duncan Bythell, The Handloom Weavers: A Study in the English 
Cotton Industry During the Industrial Revolution, p. 70. There are 
also a number of web sites exploring both the original Luddite history 
and the contemporary neo-Luddite movement. For one example, see 
the web page Luddites On-Line at <http://www.luddites.com/index2. 
html>. 

19. Ben J. Wattenberg, ed., The Statistical History of the United States 
from Colonial Times to the Present; U.S. Department of Commerce, 
Bureau of the Census, Statistical Abstract of the United States, 1997. 

20. Ben J. Wattenberg, ed., The Statistical History of the United States 
from Colonial Times to the Present. 

21. U.S. Department of Commerce, Bureau of the Census, Statistical 
Abstract of the United States, 1997. 

22. Ted Kaczynski’s Unabomber Manifesto was published in both the New 
York Times and the Washington Post in September 1995. The full 
text of the document is available on numerous web pages, including: 
<http://www.soci.niu.edu/~critcrim/uni/uni.txt>. 
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1. A consortium of eighteen manufacturers of cellular telephones and 
other portable electronic devices is developing a technology called 
Bluetooth, which provides wireless communications within a radius 
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of about ten meters, at a data rate of 700 to 900 kilobits per second. 
Bluetooth is expected to be introduced in late 1999 and will initially 
have a cost of about $20 per unit. This cost is expected to decline rapidly 
after introduction. Bluetooth will allow personal communications and 
electronics devices to communicate with one another. 

2. Technology such as Bluetooth (see note 1) will allow computer 
components such as computing units, keyboards, pointing devices, 
printers, etc. to communicate with one another without the use of 
cables. 

3. Microvision of Seattle has a product called a Virtual Retina Display 
(VRD) that projects images directly onto the user’s retinas while 
allowing the user to see the normal environment. The Microvision 
VRD is currently expensive and is sold primarily to the military for use 
by pilots. Microvision’s CEO Richard Rutkowski projects a consumer 
version built on a single chip before the year 2000. 

4. Projecting from the speed of personal computers, a 1998 personal 
computer can perform about 150 million instructions per second for 
about $1,000. By doubling every twelve months, we get a projection 
of 150 million multiplied by 2 U (2,048) = 300 billion instructions per 
second in 2009. Instructions are less powerful than calculations, so 
calculations per second will be around 100 billion. However, projecting 
from the speed of neural computers, a 1997 neural computer provided 
about 2 billion neural connection calculations per second for around 
$2,000, which is 1 billion calculations per $1,000. By doubling every 
twelve months, we get a projection of 1 billion times 2 12 (4,096) = 
4 trillion calculations per second in 2009. By 2009, computers will 
routinely combine both types of computations, so if even 25 percent 
of the computations are of the neural connection calculation type, the 
estimate of 1 trillion calculations per second for $1,000 of computing 
in 2009 is reasonable. 

5. The most powerful supercomputers are twenty thousand times more 
powerful than a $1,000 personal computer. With $1,000 personal 
computers providing about 1 trillion calculations per second 
(particularly of the neural-connection type of calculation) in 2009, 
the more powerful supercomputers will provide about 20 million 
billion calculations per second, which is about equal to the estimated 
processing power of the human brain. 

6. As of this writing, there has been much publicity surrounding the work 
of Dr. Judith Folkman of Children’s Hospital in Boston, Massachusetts, 
and the effects of angiogenesis inhibitors. In particular, the combination 
of Endostatin and Angiostatin, bio-engineered drugs that inhibit the 
reproduction of capillaries, has been remarkably effective in mice. 
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Although there has been a lot of commentary pointing out that drugs 
that work in mice often do not work in humans, the degree to which this 
drug combination worked in these laboratory animals was remarkable. 
Drugs that work this well in mice often do work in humans. 

See “HOPE IN THE LAB: A Special Report. A Cautious Awe Greets 
Drugs That Eradicate Tumors in Mice," New York Times, May 3, 1998. 
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1. See note 3 of chapter 9, “2009,” on the Microvision Virtual Retina 
Display. 

2. A 1997 neural computer provided about 2 billion neural-connection 
calculations per second for $2,000. By doubling twenty-two times by 
the year 2019, that comes to about 8 million billion calculations per 
second for $2,000 and 16 million billion calculations per second for 
$4,000. In 2020, we get 16 million billion calculations per second for 
$2,000. 

3. With each human brain providing about 1016 calculations per second 
and an estimated 10 billion (10 10 ) persons, we get an estimated 10 26 
calculations per second for all human brains on Earth. There are about 
100 million computers in the world in 1998. A conservative estimate 
for 2019 would be a billion computers equal to the power of the then 
state-of-the-art for $1,000 machines. Thus the total computing power 
of the computers equals one billion (10 9 ) times 10 16 = 10 25 calculations 
per second, which is 10 percent of 10 2B . 


^ «» 

1. With each human brain providing about 10 16 calculations per second 
and an estimated 10 billion (10 10 ) persons, we get an estimated 10 26 
calculations per second for all human brains on Earth. There are about 
100 million computers in the world in 1998. A (very) conservative 
estimate for 2029 would be a billion computers equal to the then state- 
of-the-art for $1,000 machines. This is actually too conservative, but 
still sufficient for our purposes. Thus the total computing power of the 
computers equals one billion (10 9 ) times 10 19 = 10 28 calculations per 
second, which is one hundred times the processing power of all human 
brains (which is 10 26 calculations per second) 

2. See Raymond Kurzweil, The 10% Solution for a Healthy Life: How to 
Eliminate Virtually All Risk of Heart Disease and Cancer (New Yofk: 
Crown Publishers, 1993). 
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1. As discussed in chapter 6, “Building New Brains,” and chapter 10, “2019,” 

human capacity of an estimated 2 x 10 16 (neural connection) calculations 
per second will be achieved in a $1,000 computing device by around 
the year 2020. Also as noted, the capacity of computing will double 
every twelve months, or ten times every decade, which is a factor of 
one thousand (2 10 ) every ten years. Thus by the year 2099, $1,000 of 
computing will be roughly equivalent to 10 24 times the computing 
capacity of the human brain, or 10 40 calculations per second. Estimating 
a trillion virtual persons (hundred times greater than the roughly 10 
billion persons in the early twenty-first century), and an estimated $1 
million of computing devoted to each person, we get an estimated 10 55 
calculations per second. 

2. One thousand qu-bits would enable 2 1000 (approximately 10 300 ) 
calculations to be performed at the same time. If 10 42 of the calculations 
each second are such quantum calculations, then that is equivalent to 
10 42 x 10 300 = 10 342 calculations per second. 10 55 + 10 342 still equals about 
10 342 . 

3. What happened to picoengineering, you’re wondering? Picoengineering 
refers to engineering at the scale of a picometer, which is one trillionth 
of a meter. Remember that the author has not spoken to Molly for 
seventy years. Nanotechnology (technology on the scale of a billionth 
of a meter) is becoming practical in the decade between 2019 and 2029. 
Note that in the twentieth century, the Law of Accelerating Returns as 
applied to computation has been achieved through engineering at ever 
smaller scales of physical size. Moore’s Law is a good example of this, 
in that the size of a transistor (in two dimensions) has been decreasing 
by 50 percent every two years. This means that transistors have been 
shrinking by a factor of 2 s = 32 in ten years. Thus the feature size of 
a transistor in each dimension has been shrinking by a factor of the 
square root of 32 = 5.6 every ten years. We are shrinking, therefore, the 
feature size of components by a factor of about 5.6 in each dimension 
every decade. 

If engineering at the nanometer scale (nanotechnology) is practical 
in the year 2032, then engineering at the picometer scale should be 
practical about forty years later (because 5.6 4 = approximately 1,000), 
or in the year 2072. Engineering at the femtometer (one thousandth of a 
trillionth of a meter, also referred to as a quadrillionth of a meter) scale 
should be feasible, therefore, by around the year 2112. Thus I am being 
a bit conservative to say that femtoengineering is controversial in 2099. 
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Nanoengineering involves manipulating individual atoms. 
Picoengineering will involve engineering at the level of subatomic 
particles (e.g., electrons). Femtoengineering will involve engineering 
inside a quark. This should not seem particularly startling, as 
contemporary theories already postulate intricate mechanisms within 
quarks. 


1. We could use the Busy Beaver Function (see note 16 on the Turing 
machine in chapter 4) as a quantitative measure of the software of 
intelligence. 


Sources for the timeline include Raymond Kurzweil, The Age of 
Intelligent Machines (Cambridge, MA: MIT Press, 1990). 

Introduction to big bang theory at <http://www.bowdoin.edu/ 
dept/physics/astro.1997/astro4/bigbang.html>; Joseph Silk, A Short 
History of the Universe (New York: Scientific American Library, 1994); 
Joseph Silk, The Big Bang (San Francisco: W. H. Freeman and Company, 
1980); Robert M. Wald, Space, Time and Gravity (Chicago: The University 
of Chicago Press, 1977); Stephen W. Hawking, A Brief History of Time 
(New York: Bantam Books, 1988). 

Evolution and behavior at <http://ccp.uchicago.edu/~jyin/ 
evolution.html>; Edward 0. Wilson, The Diversity of Life (New York: 
W. W. Norton and Company, 1993); Stephen Jay Gould, The Book of Life 
(New York: W. W. Norton and Company, 1993); Alexander Hellemans 
and Bryan Bunch, The Timetable of Science (Simon and Schuster, 
1988). “CBN History: Radio/Broadcasting Timeline” at <http://www 
.wcbn .orgthistory/wcbntime.html>. 

“Chronology of Events in the History of Microcomputers” at 
<http://www3.islandnet.com/~kpolsson/comphist.htm>. 

“The Computer Museum History Center” at <http://www.tem. 
o rg/his tory/index. html>. 

1. Picoengineering involves engineering at the level of subatomic particles 
(e.g., electrons). See note 3 on picoengineering and femtoengineering in 
chapter 12. 
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2. Femtoengineering will involve engineering using mechanisms within 
a quark. See note 3 on picoengineering and femtoengineering in 
chapter 12. 
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1. See “Information Processing in the Human Body,” by Vadim Gerasimov, 
at <http://vadim.www.media.mit.edu/MAS862/Project.html>. 

2. Marvin Minsky and Seymour A. Papert, Perceptrons: An Introduction 
to Computational Geometry (Cambridge, MA: MIT Press, 1988). 

3. The quoted text on the "two daughter sciences” is from Seymour Papert, 
“One AI or Many,” Daedalus, Winter 1988. 

“Dr. Seymour Papert is a mathematician and one of the early 
pioneers of Artificial Intelligence. Additionally, he is internationally 
recognized as the seminal thinker about ways in which computers 
can change learning. Born and educated in South Africa where he 
participated actively in the anti-apartheid movement, Dr. Papert 
pursued mathematical research at Cambridge University from 1954 
through 1958. He then worked with Jean Piaget at the University of 
Geneva from 1958 through 1963. It was this collaboration that led 
him to consider using mathematics in the service of understanding 
how children can learn and think. In the early 1960s, Papert came to 
MIT where, with Marvin Minsky, he founded the Artificial Intelligence 
Laboratory and coauthored their seminal work Perceptrons.” From the 
web page entitled “Seymour Papert” at <http://papert. www.media.mit. 
edu/people/papert/>. 

4. “[Marvin] Minsky was... one of the pioneers of intelligence-based 
mechanical robotics and telepresence... In 1951 he built the first 
randomly wired neural network learning machine (called SNARC, for 
Stochastic Neural-Analog Reinforcement Computer), based on the 
reinforcement of simulated synaptic transmission coefficients... Since 
the early 1950s, Marvin Minsky has worked on using computational 
ideas to characterize human psychological processes, as well as 
working to endow machines with intelligence.” From the brief academic 
biography of Marvin Minsky at <http://minsky.www.media.mit.edu/ 
people/minsky/minskybiog.html>. 

5. Dr. Raj Reddy is dean of the School of Computer Science at Carnegie 
Mellon University and the Herbert A. Simon University Professor of 
Computer Science and Robotics. Dr. Reddy is a leading AI researcher 
whose research interests include the study of human-computer 
interaction and artificial intelligence. 
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The following is a catalog organized by subject of World Wide Web sites 
relevant to topics in the book. Remember that compared to books listed 
in a bibliography, web sites are not nearly as long lasting. These sites were 
all verified when the book went to press, but inevitably some will become 
inactive. The Web, unfortunately, is littered with nonfunctioning sites. 

SITES RELEVANT TO THE BOOK 

Web site for the book The Age of Spiritual Machines: When Computers Exceed 
Human Intelligence by Ray Kurzweil: 
<http://www.penguinputnam.comAurzweil> 

To e-mail the author: 
raymond@kurzweiltech.com 

To download a copy of Ray Kurzweil’s Cybernetic Poet: 
<http://www.kurzweiltech.com> 

This book’s publisher, Viking: 

<http://www.penguinputnam.com> 

For publications of Ray Kurzweil: 

Go to <http://www.kurzweiltech.com> or <http://www.kurzweiledu.com> 
and then select «Publications» 

WEB SITES FOR COMPANIES FOUNDED BY RAY KURZWEIL 

Kurzweil Educational Systems, Inc. (creator of print-to-speech reading 
systems for persons with reading disabilities and visual impairment): 
<http://www.kurzweiledu.com> 

Kurzweil Technologies, Inc. (creator of Ray Kurzweil’s Cybernetic Poet and 
other software projects): 

<http://www.kurzweiltech.com> 

The dictation division of Lernout & Hauspie Speech Products (formerly 
Kurzweil Applied Intelligence, Inc.), creator of speech recognition and 
natural language software systems: 
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<http://www.lhs.com/dictation/> 

The overall Lernout & Hauspie web site: 

<http://www.lhs.com/> 

Kurzweil Music Systems, Inc., creator of computer-based music synthesizers, 
sold to Young Chang in 1990: 

<http://www.youngchang.comAurzweil/index.html> 

Textbridge Optical Character Recognition (OCR). Formerly Kurzweil OCR 
from Kurzweil Computer Products, Inc. (sold to Xerox Corp. in 1980): 
<http://www.xerox.com/scansoft/textbridge/> 

ARTIFICIAL LIFE AND ARTIFICIAL INTELLIGENCE RESEARCH 

The Artificial Intelligence Laboratory at Massachusetts Institute of 
Technology (MIT): 

<http ://www. ai.mit. edu/> 

Artificial Life Online: 

<http://alife.santafe-edu> 

Contemporary Philosophy of Mind: An .Annotated Bibliography: 
<http://ling.ucsc.edu/~chalmers/biblio.html> 

Machine Learning Laboratory, the University of Massachusetts, Amherst: 
<http://www-ml.cs.umass.edu/> 

The MIT Media Lab: 

<http://www.media.mit.edu/> 

SSIE 580B: Evolutionary Systems and Artificial Life, by Luis M. Rocha, Los 
Alamos National Laboratory: 

<http://www.c3.lanLgov/~rocha/ss5(M_02.html> 

Stewart Dean’s Guide to Artificial Life: 
<http://www.webslave.dircon.co.uk/alife/intro.html> 

ASTRO NO MY/PHYSIC S 

American Institute of Physics: 

<http://www.aip.org/history/einstein/> 

International Astronomical Union (IAU): 

<http://www.intastun.org/> 

Introduction to the Big Bang Theory: 

<http://www.bowdoin.edu/dept/physics/astro.1997/astro4/bigbang. 

html> 


BIOLOGY AND EVOLUTION 

American Scientist Article: Reward Deficiency Syndrome: 
<http://www.amsci.org/amsci/Articles/96Articles/Blum-full.html> 



Animal Diversity Web Site, the Museum of Zoology at the University of 
Michigan: 

<http://www.oit.itd.umich.edu/projects/ADW/> 

Charles Darwin’s Origin of Species: 

<http://www.literature.org/Works/Charles-Darwin/origin/> 

Evolution and Behavior: 

<http://ccp.uchicago.edu/~jyin/evolution.html> 

The Human Genome Project: 

<http://www.nhgri.nih.gov/HGP/> 

Information Processing in the Human Body: 
<http://vadim.www.media.mit.edu/MAS862/Project.html> 

Thomas Ray/Tierra: 

<http://www.hip.atr.co.jp/~ray/> 

The Visible Human Project: 

<http://www.nlm.nih.gov/research/visible/visible human.html> 

BRAIN IMAGING RESEARCH 

Brain Research Web Page, Jeffrey H. Lake Research: 
<http://www.brainresearch.com/> 

Applications of brain research: 

<http://www.brainresearch.com/apps.html> 

Amiram Grinvald’s web site: Imaging the Brain in Action: 
<http://www.weizmann.ac.il/brain/grinvald/grinvald.htm> 

The Harv ard Brain Tissue Resource Center: 
<http://www.brainbank.mdean.org:8080> 

The Mclean Hospital Brain Imaging Center: 

<http://www.mclean.org:8080/> 

Optical Imaging, Inc., Home Page: 

<http://opt-imaging.com/> 

Research Imaging Center: Solving the Mysteries of the Mind, University of 
Texas Health Science Center at San Antonio: 

<http://biad63.uthscsa.edu/> 

Visualization and Analysis of 3D Functional Brain Images, by Finn A rup 
Nielsen, Institute of Mathematical Modeling, Section for Digital Signal 
Processing, former Electronics Institute, Technical University of Denmark: 
<http://hendrix.ei.dtu.dk/staff/students/fnielsen/thesis/finn/fin n.html> 
Weizmann Institute of Science: 

<http://www.weizmann.ac.il/> 

The Whole Brain Atlas: 

<http://www.med.harvard.edu/AANLIB/home.html> 


or 
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COMPUTER BUSINESS/MEDICAL APPLICATIONS 

Automated Highway System DEMO; National AHS Consortium Home Page: 
<http://monolith-mis.com/ahs/default.htm> 

Biometric (The Face Recognition Home Page): 
<http://cherrykist.re.kr/center/html/sites.html> 

Face Recognition Homepage: 
<http://www.cs.rug.nl/~peterkr/FACE/face.html> 

The Intelligent Vehicle Initiative: Advancing «Human-Centered» Smart 
Vehicles: 

<http://www.tfhrc.gov/pubrds/pr9 7-10/p 18.htm> 

Kurzweil Educational Systems, Inc.: 

<http://www.kurzweiledu.com/> 

Kurzweil music (Welcome to Kurzweil Music Systems): 
<http://www.youngchang.com/kurzweil/index.html> 

Laboratory for Financial Engineering at MIT: 
<http://web.rnit.edu/lfe/www/> 

Lernout & Hauspie Speech Products: 

<http://www.lhs.com> 

Medical Symptoms Matching Software: 
<http://www.ozemail.com.au/~lisadev/sftdocpu.htm> 

Miros Company Information: 

<http://www.miros.com,/About_Miros.htm> 

Synaptics, Inc.: 

<ht tp ://www. synap tics .com/> 

Systran: 

<http://www.systransoft.ccm/> 

COMPUTERS AND ART/CREATIVITY 

Arachnaut's Lair - Electronic Music Links: 
<http://www.arachnaut.org/musicAinks.html> 

Artspace: Computer Generated Art: 
<http://www.uni.uiuc.edu/~artspace/compgen.html> 

BRUTUS. 1 Story Generator: 

<http://www.rpi.edu/dept/ppcs/BRUTUS/brutus.html> 

But Is It Computer Art?: 

<http://www.cs.swarthmore.edu/~binde/art/index.html> 

Computer Artworks, Ltd.: 

<http://www.artworks.co.uk/welcome.htm> 

Computer Generated Writing: 
<http://www.notam.uio.no/~mariusw/c-g.writing/> 

Northwest Cyberartists: Time Warp of Past Events: 
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<http://www.nwlink.com/cyberartists/tlmewarp.html> 

Music Software: 

<http://www.yahoo.com/Entertainment/Music/Software/> 

An OBS Cyberspace Extension of Being Digital, by Nicholas Negroponte: 
<http://www.obs-us.com/obs/english/books/nn/bdintro.htm> 

Ray Kurzweil’s Cybernetic Poet: 

<http://www-kurzweiltech.com> 

Recommended Reading, Computer Art: 
<http://ananke.advanced.org/3543/resourcessites.html> 

Virtual Muse: Experiments in Computer Poetry: 
<http://camel.conncoll.edu/ccother/cohar/programs/index.html> 

COMPUTERS AND CONSCIOUSNESS/SPIRITUALITY 

Considerations on the Human Consciousness: 
<http://www.mediacom,it/~v.colaciuri/consc.htm> 

Extropy Online, Arterati on Ideas, by Natasha Vita More; Vinge’s View of the 
Singularity: 

<http://www.extropycom/~exi/eo/articles/vlnge.htm> 

God and Computers: 

<http://web.mit.edu/bpadams/www/gac/> 

Kasparov vs. Deep Blue: The Rematch: 

<http://www.nytimes.com/partners/microsites/chess/archive8.html> 
Online papers on consciousness, compiled by David Chalmers: 
<http://ling.ucsc.edu/~chalmers/mind.html> 

Toward a Science of Consciousness 1998 «Tucson III,» Conference, The 
University' of Arizona, Tucson, Arizona. Support provided by the Fetzer 
institute and the Institute of Noetic Sciences: 
<http://www.zynet.co.uk/imprint/Tucson/> 

COMPUTING SCIENCE RESEARCH 

Defining Virtual Reality, Industry Consortium in the Institute for 
Communication Research, Department of Communication, Stanford 
University: 

<http://www.cyborganic.com/people/jonathan/Academia/Papers/Web/de 

fining-v.html> 

Computer Games: Past, Present, Future: 
<http://www.bluetongue.com/~pang/DRAFT.html> 

The Haptics Community Web Page: 

<http://haptic.mech.nwu.edu> 

Modeling and Simulation: Linking Entertainment and Defense: 
<http://www.nap.edu/readingroom/books/modeling/index.html> 



Physics News Update Number 219 - The Density of Data. A link to Lambertus 
Hesselink’s research on crystal computing: 

<http://www.aip.org/enews/physnews/1995/split/pnu219-2.htm> 

Student cracks encryption code. A link to an article in USA Today on how Ian 
Goldberg, the graduate student from the University of California, cracked 
the 40-bit encryption code: 

<http://www.usatoday.com/life/cyber/tech/ct718.htm> 

Autonomous Agents 

Agent Web Links: 

<http://www.cs.bham.ac.uk/-amw/agents/links/index.html> 

Computer Vision 

Computer Vision Research Groups: 
<http://www.cs.cmu.edu/-cil/v-groups.html> 

DNA Computing 

«DNA-based computers could race past supercomputers, researchers 
predicts A link to an article in the Chronicle of Higher Education on DNA 
computing, by Vincent Kiernan: 

<http://chronicle.com/data/articles.dir/art-44.dir/issuel4.dir/14a02301 

.htm> 

Explanation of Molecular Computing with DNA, by Fred Hapgood, Moderator 
of the Nanosystems Interest Group at MIT: 

<http://www.mitre.org/research/nanotech/hapgood__on_dna.html> 

The University of Wisconsin: DNA Computing: 
<http://cominfo.chem.wisc.edu/writings/DNACOMPUTING.html> 

Expert Systems/Knowledge Engineering 

Knowledge Engineering, Engineering Management Graduate Program at 
Christian Brothers University 7 : Online Resources to a Variety of Links: 
<http://www.cbu.edu/-pong/engm624.htnl> 

Genetic Algorithms/Evolutionary Computation 

The Genetic Algorithms Archive at the Navy Center for Applied Research in 
Artificial Intelligence: 

<http://www.aic.nrLnavymil/galist/> 

The Hitchhiker’s Guide to Evolutionary 7 Computation, Issue 6.2: A List of 
Frequently Asked Questions (FAQ), edited by Jorg Heitkotter and David 
Beasley: 
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<ftp://ftp.cs.wayne.edu/pub/EC/FAQ/www/top.htm> 

The Santa Fe Institute: 

<http://www.santafe.edu> 

Knowledge Management 

ATM Links (Asynchronous Transfer Mode): 
<http://www.ee.cityn.edu.hk/~splam/html/atmlinks.html> 

Knowledge Management Network: 

<http://kmn.cibit.h\ai.nl/index.html> 

Some Ongoing KBS/Ontology Projects and Groups: 
<http://www.cs.utexas.edu/users/mfkb/related.html> 

Nanotechnology 

Eric Drexler’s web site at the Foresight institute (includes the complete text 
of Engines of Creation): 

<http://www.foresight.org/EOC/index.html> 

Richard Feymnan’s talk, «There’s Plenty of Room at the Bottom»: 
<http://nano.xerox.com/nanotech/feynman.html> 

Nanotechnology: Ralph Merkle’s web site at the Xerox Palo Alto Research 
Center: 

<http://sandbox.xerox.com/nano> 

Microelectromechanical Systems and Fluid Dynamics Research Group 
Professor Chih-Ming Ho’s Laboratory, University of California at Los Angeles: 
<http://ho.seas.ucla.edu/new/main.htm> 

Nanolink: Key Nanotechnology Sites on the Web: 
<http://sunsite.nus.sg/MEMEX/nanolink.html> 

Nanothinc: 

<http://www.nanothinc.com/> 

NEC Research and Development Letter: A summary 7 of Dr. Sumio Iijima’s 
research on nanotubes: 

<http://www.labs.nec.co.jp/rdletter/letter01/indexl.html> 

An Overview of the Performance Envelope of Digital Micromirror Device 
(DMD) Based Projection Display System by Dr. Jeffrey Sampsell of Texas 
Instruments. A link to a paper describing the creation of micromirrors in a 
tiny, high-resolution projector: 

<http://www.ti.com/dlp/docs/it/resources/whit e/overview/over.shtm 1> 
Small Is Beautiful: A Collection of Nanotechnology Links: 
<http://science.nas.nasa.gov/Groups/Nanotechnology/nanotech.html> 
Center for Nanoscale Science and Technology at Rice University: 
<http://cnst.rice.edu/> 

The Smart Matter Research Group, Xerox Palo Alto Research Center: 
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<http://www.parc.xerox.com/spl/projects/smart-matter/> 

Richard Smalley’s home page: 

<http://cnst.rice.edu/reshome.html> 

Neural Implants/Neural Prosthetics 

Membrane and Neurophysics Department, the Max Planck Institute 
for Biochemistry: 

<http://mnphys.biochem.mpg.de/> 

«Neural Prosthetics Come of Age as Research Continues,» by Robert Finn, in 
the Scientist. A link to an article on the use of neural prosthetics in helping 
patients with neurological disorders: 

<http://www.the-scientist.library.upenn.edu/yrl 99 7/sep t/research_ 
970929.html> 

Physics of Computation-Carver Mead’s Group: 
<http://www.pcmp.caltech.edu/> 

Neural Nets 

Brainmaker/California Scientific’s home page: 

<http://www.calsci.com/> 

Hugo de Garis’s web site on Brain Builder Group: 
<http://www.hip.atr.co.jp/-degaris> 

IEEE Neural Network Council Home Page: 
<http://www.ewh.ieee.org/tc/nnc/> 

Neural Network Frequently Asked Questions: 
<ftp://ftp.sas.com/pub/neural/FAQ.html> 

PROFIT Initiative at MIT’s Sloan School of Management: 
<http://scanner-group.mit.edu/> 

Quantum Computing 

The Information Mechanics Group/Lab for Computer Science at MIT: 

<http ://www-im.lc s .mit. edu/> 

Quantum computation/cryptography at Los Alamos National Laboratory: 
<http://qso.lanl.gov/qc/> 

Physics and Media Group at the MIT. Media Lab: 
<http://physics.www.media.mit.edu/home.html> 

Quantum Computation at IBM: 
<http://www.research.ibm.com/quantuminfo/> 

Supercomputers 

Accelerated Strategic Computing Initiative: 

<http://www.llnl.gov/asci> 



Lawrence Livermore National Laboratory /University of California for the 
U.S. Department of Energy: 

<http ://www.llnl.gov/> 

NEC Begins Designing World’s Fastest Computer: 

<http://www.nb-pacifica.com/headline/necbeginsdesigningwo_1208.sh 

tml> 


FUTURE VISIONS 

ACM 97 «The Next 50 Years» (Association for Computing Machinery 7 ): 
<http://research.microsoft.com/acm97/> 

The Extropy Site (a web site and on-line magazine covering a wide range of 
advanced, and future technologies) 

<http://www.extropy.org> 

SETI Institute web site: 

<http://www.seti.org> 

WTA: The World Transhumanist Association: 
<http://www.transhumanism.com/> 

HISTORY OF COMPUTERS 

Advances of the 1960s: 

<http://www.inwap.com/reboot/alliance/1960s.txt> 

BYTE Magazine-December 1996/Cover Story/Progress and Pitfalls: 
<http://www.byte.com/art/9612/sec6/art3.htm> 

History 7 of Computing: IEEE Computer Society: 

<ht tp://www. compu t er. org/ 5 0/> 

The Historical Collection, the Computer Museum History Center: 
<http://www.tcm.org/html/histon 7 lndex.html> 

Intel Museum Home Page: What is Moore’s Law?: 
<http://www.pentium.com/intel/museum/25annlv/hof/moore.htm> 
SPACEWAR: Fanatic Life and Symbolic Death Among the Computer Bums, 

by Stewart Brand: 

<http://www.baumgart.com/rolling-stone/spacewar.htmI> 

Timeline of Events in Computer History, from the Virtual History Museum 
Group: 

<http://video.cs.vt.edu:90/cgi-bin/Showmap> 

Chronology of Events in the History of Computers: 
<http://www3.islandnet.com/~kpolssori/comphist.htm> 

Unisys History Newsletter: 

<http//www.cc.gatech.edu/services/unisys-folklore/> 
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INDUSTRIAL REVOLUTION AND LUDDITES/NEOLUDDITE MOVEMENT 

Anarcho-Primitivist, anticivilization, and neo-Luddite articles: 
<http://elaine.teleport.com/-jaheriot/anarprim.htm> 

What's a Luddite?: 

<http://www.bigeastern.com/ludd/nl_whats.htm> 

Luddites On-Line: 

<http://www.luddites.com/index2.html> 

The Unabomber Manifesto by Ted Kaczynski: 

<ht tp:// www.soci.niu.edu/-crit crim/uni/uni. txt > 


or* 
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ISBN 978 977 6263 31 4 
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